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ABSTRACT
W o r l d  k a o l i n  p r o d u c t i o n  has shown phenomena l  g r o w t h  
o v e r  t h e  p a s t  20 t o  30 y e a r s ,  a v e r a g i n g  12% per  y e a r  s i n c e  
1 9 6 1 .  B o t h  i n d u s t r i a l i z e d  n a t i o n s  and l e s s  d e v e l o p e d  
c o u n t r i e s ,  ( L D C s ) ha v e  e n j o y e d  t h i s  s t e a d y  g r o w t h ,  a l t h o u g h  
t h e  g r o w t h  i n t h e  LDCs i s  much mor e  r e c e n t .  I n d u s t r i a l i z e d  
n a t i o n s  c o n t r i b u t e d  72% of  w o r l d  k a o l i n  p r o d u c t i o n  in 1970  
and 61% i n 1 9 8 8 .  The  LDCs on t h e  o t h e r  hand h a v e  s een  t h e i r  
c o n t r i b u t i o n  gr ow f r o m a r o u n d  11% i n 1970 t o  a b o u t  20% in 
1 9 8 8 .
P r o d u c t i o n  i n t h e  i n d u s t r i a l i z e d  n a t i o n s  i s  u n d e r p i n n e d  
by t h e  p a p e r  i n d u s t r y  and t h e  p r o d u c t i o n  o f  s p e c i a l i s t ,  h i g h  
q u a l i t y  c l a y s ;  i n t h e  LDCs,  p r o d u c t i o n  i s  p r e d o m i n a n t l y  
base d  on t h e  demand o f  t h e  g r o w i n g  c e r a m i c s  i n d u s t r y .
The  most  i m p o r t a n t  r e a s o n s  f o r  t h i s  d i v e r g e n t  way o f  
d e v e l o p m e n t  a r e :
-  t h e  l o c a t i o n  o f  t h e  m a j o r  k a o l i n  m a r k e t s :  p a p e r ,  p a i n t ,  
r u b b e r ,  and p l a s t i c s ;
-  t h e  a v a i l a b i l i t y  o f  t h e  r e q u i r e d  t e c h n o l o g y  f o r  t h e  
p r o d u c t i o n  o f  h i g h  q u a l i t y ,  s p e c i a l i s t  c l a y s ;
-  t h e  l o c a t i o n  o f  e c o n o m i c a l  e x p l o i t a b l e  r e s e r v e s ;  and
-  t h e  a v a i l a b i l i t y  o f  c a p i t a l .
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The  i n d u s t r i a l i z e d  n a t i o n s  ha ve  d o m i n a t e d  t h e  k a o l i n  
i n d u s t r y ,  t h e  s u p p l y  as w e l l  as t h e  demand.  T h i s  w i l l  
c o n t i n u e  t o be t h e  c a s e .  Howe ve r  t h e  r o l e  of  t h e  LDCs i s  
one o f  i n c r e a s i n g  i m p o r t a n c e .  K a o l i n  p r o d u c t s  f r om h i g h  
q u a l i t y  k a o l i n  d e p o s i t s  in t h e  LDCs can be p r o d u c e d  a t  l ower  
c o s t  t h a n  f r o m l o we r  q u a l i t y  k a o l i n  d e p o s i t s  in t h e  
i n d u s t r i a l i z e d  n a t i o n s ,  r e g a r d l e s s  o f  t e c h n o l o g y .  i n c r e a s e d  
demand i n t h e  LDCs i s  e x p e c t e d ,  based on o v e r a l l  i n d u s t r i a l  
d e v e l o p m e n t  and s p e c i f i c a l l y  f r o m t h e  c e r a m i c s ,  p a p e r ,  and 
p a i n t  i n d u s t r i e s .  H o w e v e r ,  f o r  a s t e a d y  and a d e q u a t e  g r o w t h  
o f  t h e  k a o l i n  i n d u s t r y  in t h e  LDCs,  t h e  p a r t i c i p a t i o n  o f  t h e  
m a j o r  k a o l i n  p r o d u c e r s  i s  n e c e s s a r y  b e c a u s e  o f  t h e  r e q u i r e d  
n o n - u n i v e r s a  I t e c h n o l o g y  and t h e  b a c k i n g  of  r e s e a r c h  and 
d e v e I o p m e n  t .
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C h a p t e r  1 
INTRODUCTI  ON
1 . 1  Scop e  and P u r p o s e
T he  k a o l i n  i n d u s t r y  has shown a phenomena l  g r o w t h  s i n c e  
1 9 3 0 .  I n n o v a t i v e  and e f f i c i e n t  d e v e l o p m e n t s  i n t h e  m i n i n g  
and p r o c e s s i n g  o f  t h i s  u n i q u e  i n d u s t r i a l  m i n e r a l  ha ve  
e n a b l e d  t h e  i n d u s t r y  t o p r o d u c e  l a r g e  t o n n a g e s  o f  u n i f o r m l y  
h i g h  q u a l i t y  k a o l i n  p r o d u c t s  w i t h  a w i d e  v a r i e t y  o f  
a p p l i  c a t  i o n s .
In t h e  m a i n ,  t h e  w o r l d  p a t t e r n  o f  k a o l i n  p r o d u c t i o n  has  
n o t  c h a n g e d  much.  The  i n d u s t r i a l i z e d  n a t i o n s  a r e  t h e  
l a r g e s t  p r o d u c e r s .  The  U n i t e d  S t a t e s  c o n t r i b u t e s  35% of  t h e  
w o r l d  p r o d u c t i o n ,  t h e  U n i t e d  Ki n g d o m,  13%; and t h e  r e s t  of  
E u r o p e ,  12%.  T he  E a s t e r n  B l o c  c o u n t r i e s  a c c o u n t  f o r  a b o u t  
19%.  A l t h o u g h  k a o l i n  p r o d u c t i o n  i n l e s s  d e v e l o p e d  c o u n t r i e s  
( LDCs )  has e n j o y e d  some g r o w t h ,  LDCs c o n t r i b u t e  o n l y  20% of  
t h e  k a o l i n  w o r l d  p r o d u c t i o n  of  w h i c h  B r a z i l  a c c o u n t s  f o r  3% 
and C o l o m b i a ,  5%.
T h i s  s t u d y  w i l l  e x a m i n e  why t h e  d e v e l o p m e n t  o f  t h e  
k a o l i n  i n d u s t r y  has e v o l v e d  i n such a d i v e r g e n t  way b e t w e e n  
t h e  i n d u s t r i a l i z e d  n a t i o n s  and t h e  l e s s  d e v e l o p e d  c o u n t r i e s .  
I t  w i l l  a l s o  a s s e s s  t h e  o u t l o o k  f o r  d e v e l o p m e n t  o f  t h e  
i n d u s t r y  i n LDCs.
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The  s t u d y  w i l l  c o v e r  t h e  p e r i o d  1930  up t o  1 9 8 9 .
B e c a u s e  o f  t h e  l a c k  o f  d e t a i l e d  d a t a  on t h e  k a o l i n  
p r o d u c t i o n  f r o m s e v e r a l  c o u n t r i e s ,  most  t a b l e s  and g r a p h s  
p r e p a r e d  c o v e r  o n l y  t h e  p e r i o d  f r o m 1 9 6 1 .
1 . 2  M e t h o d o I o g y
The  k a o l i n  i n d u s t r y  has become r e m a r k a b l y  s o p h i s t i c a t e d  
o v e r  t h e  y e a r s ,  a d o p t i n g  new t e c h n o l o g i e s  and d e l i v e r i n g  
h i g h  q u a l i t y  k a o l i n  p r o d u c t s .
C h a p t e r  2 i s  d e v o t e d  to t h e  d e s c r i p t i o n  o f  t h e  numer ous  
k a o l i n  m a r k e t s  and t h e  r e l a t e d  p r o d u c t i o n  r e q u i r e m e n t s .  The  
a p p l i c a t i o n  o f  k a o l i n  i s  based on i t s  p h y s i c a l  and c h e m i c a l  
p r o p e r t i e s .  To d e t e r m i n e  t h e  e c o n o mi c  p o t e n t i a l  o f  a k a o l i n  
d e p o s i t ,  n ume r ous  l a b o r a t o r y  t e s t s  need t o be d o n e .  T h e s e  
a r e  d e s c r i b e d ,  and t h e  t r e n d s  i n c o n s u m p t i o n  and p r o d u c t i o n  
of  k a o l i n  o v e r  t h e  p a s t  two d e c e n n i a  a r e  d e t a i l e d .  C h a p t e r  
3 d e s c r i b e s  w o r l d  k a o l i n  o c c u r r e n c e s ,  i n c l u d i n g  a 
d e s c r i p t i o n  o f  t h e  m i n e r a l o g y  and g e o l o g y  o f  t h e  k a o l i n  
d e p o s i t s ,  an o v e r v i e w  o f  t h e  w o r l d  k a o l i n  d e p o s i t s  by 
c o u n t r y ,  and an o v e r v i e w  o f  t h e  uses  and l i m i t a t i o n s  o f  
k a o I  i n .
To i l l u s t r a t e  t h e  r e q u i r e m e n t s  f o r  p r e p a r i n g  k a o l i n  f o r  
t h e  m a r k e t s ,  c h a p t e r  4 c o n c e n t r a t e s  on t h e  m i n i n g  and 
p r o c e s s i n g  o f  k a o l i n s .  New t e c h n o l o g i e s  h a v e  i mp r o v e d  t h e
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c o m p e t i t i v e n e s s  o f  t h e  k a o l i n  p r o d u c t s ,  o p e n i n g  up 
o p p o r t u n i t i e s  f o r  t h e  i n d u s t r y  to meet  t h e  e v e r  i n c r e a s i n g  
demand f o r  i t s  p r o d u c t s ,  q u a n t i t a t i v e l y  and q u a l i t a t i v e l y .
F or  t h e  r e a d e r  u n f a m i l i a r  w i t h  t h e  k a o l i n  i n d u s t r y ,  
c h a p t e r  1 up t o  4 w i l l  p r o v i d e  enough i n f o r m a t i o n  f o r  
u n d e r s t a n d i n g  t h e  b a s i c s  o f  t h e  i n d u s t r y .
In c h a p t e r s  5 and 6 ,  a q u a l i t a t i v e  a n a l y s i s  of  t h e  
d e v e l o p m e n t  o f  t h e  w o r l d  k a o l i n  p r o d u c t i o n  i s  p r e s e n t e d ,  
p i n p o i n t i n g  t h e  d r i v i n g  f o r c e s  b e h i n d  i t s  d e v e l o p m e n t  and 
t h e  g e o g r a p h i c a l  o r i e n t a t i o n  o f  t h e  m a j o r  p r o d u c t i o n  a r e a s .
A n o t h e r  t r e n d  in t h e  k a o l i n  i n d u s t r y  has been t h e  
l o c a t i o n  and d e v e l o p m e n t  o f  m i n e s  c l o s e r  to t h e  p o i n t  o f  
u s e ,  as i n t h e  U n i t e d  S t a t e s  and t h e  U n i t e d  Ki ngdom,  t h e  
m a j o r  p r o d u c i n g  c o u n t r i e s .  M a j o r  e x p a n s i o n  o f  f a c i l i t i e s ,  
c o n s t r u c t i o n  o f  new p l a n t s ,  and t a k e o v e r s  ha v e  a c c o mp a n i e d  
t h e  g r o w t h  o f  w o r l d  k a o l i n  demand.  I n c r e a s e d  k a o l i n  
p r o d u c t i o n  i n A u s t r a l i a ,  S o u t h  K o r e a ,  I n d o n e s i a ,  and 
M a l a y s i a  a r e  a l l  i n d i c a t i o n s  o f  t h e  d e v e l o p m e n t  o f  k a o l i n  
d e p o s i t s  c l o s e r  t o t h e  m a r k e t  f o r  d o m e s t i c  as w e l l  as e x p o r t  
t o J a p a n  and C h i n a .
C h a p t e r  7 i d e n t i f i e s  t h e  f a c t o r s  i n f l u e n c i n g  t h e  
d e v e l o p m e n t  o f  k a o l i n  p r o d u c t i o n  i n t h e  l e s s  d e v e l o p e d  
c o u n t r i e s .  T h e s e  f a c t o r s  i n c l u d e  t h e  q u a n t i t y  and q u a l i t y  
o f  t h e  k a o l i n  d e p o s i t s  and t h e i r  g e o g r a p h i c a l  o r i e n t a t i o n ,
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e x p l o r a t i o n  p r o g r a ms  in r e l a t i o n  t o g o v e r n m e n t  p o l i c i e s  and 
p r i v a t e  i n t e r e s t s ,  e n v i r o n m e n t a l  c o n s i d e r a t i o n s  and o t h e r  
b a r r i e r s  of  e n t r y  i n c l u d i n g  r e q u i r e d  t e c h n i c a l  s k i l l s ,  
a v a i l a b i l i t y  o f  c a p i t a l ,  r e q u i r e d  t e c h n o l o g y  f o r  p r o c e s s i n g ,  
and t r a n s p o r t a t i o n  c o s t s  in c o n n e c t i o n  w i t h  t h e  l o c a t i o n  of  
t h e  m a j o r  m a r k e t s .  The  a b o v e - m e n t i o n e d  f a c t o r s  a r e  
e n v i s a g e d  t o be of  u p p e r mo s t  i m p o r t a n c e  l e a d i n g  t o  t h e  
d i v e r g e n t  way o f  d e v e l o p m e n t  o f  t h e  k a o l i n  i n d u s t r y  in t h e  
i n d u s t r i a l i z e d  n a t i o n s  and t h e  l e s s  d e v e l o p e d  c o u n t r i e s .
C h a p t e r  8 b r i e f l y  c o n s i d e r s  t r e n d s  i n t h e  d e v e l o p m e n t  
of  t h e  k a o l i n  i n d u s t r y  in l e s s  d e v e l o p e d  c o u n t r i e s .
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C h a p t e r  2 
KAOLI N MARKETS
2 . 1  I n  t r o d u c  t i on
The  p a p e r  i n d u s t r y  c o n s t i t u t e s  t h e  s i n g l e  most
i m p o r t a n t  m a r k e t  f o r  k a o l i n ,  c o n s u mi n g  o v e r  h a l f  o f  t h e
t o t a l  p r o d u c t i o n .  I t s  p h y s i c a l  p r o p e r t i e s ,  c h e m i c a l
i n e r t n e s s ,  and r e l a t i v e l y  l ow c o s t  a l s o  make i t  an e x c e l l e n t
p i g m e n t ,  e x t e n d e r ,  or  f i l l e r  f o r  u t i l i z a t i o n  in such
i n d u s t r i e s  as p a i n t s ,  p l a s t i c s ,  r u b b e r  and a d h e s i v e s .  The
f o l l o w i n g  l i s t ,  a l t h o u g h  n o t  c o m p l e t e ,  shows t h e  e x t r e m e l y
w i d e  v a r i e t y  o f  p r o d u c t s  c o n t a i n i n g  k a o l i n  as a s u s p e n s i o n
a g e n t ,  f i l l e r ,  e x t e n d i n g  a g e n t  or  a ma i n  c o n s t i t u e n t :
I n k  Cement  C h e m i c a l s
A d h e s i v e s  F e r t i l i z e r s  P o r c e l a i n  e n a me l s
I n s e c t i c i d e s  P l a s t e r  P a s t e
M e d i c i n e s  F i l t e r  a i d s  R o o f i n g  g r a n u l e s
Food a d d i t i v e s  C o s m e t i c s  S i z i n g
B l e a c h e s  C r a y o n s  F o u n d r i e s
A b s o r b e n t s  P e n c i l s  L i n o l e u m
T e x t i l e s  D e t e r g e n t s  F l o o r  t i l e s
K a o l i n  used o r  s o l d  i n 1988  by U . S .  p r o d u c e r s  was  
d i s t r i b u t e d  as shown i n t a b l e  2 . 1
The  t r e n d  f o r  k a o l i n s  has been t o w a r d  g r e a t e r  
s o p h i s t i c a t i o n  and q u a l i t y .  The  f i r s t  p r o c e s s e s  w e r e  a i r  
f l o a t e d ,  t h e n  w a t e r - w a s h e d ,  f o l l o w e d  by d e l a m i n a t e d  and 
c a l c i n e d  k a o l i n .  A l l  a r e  p r e s e n t l y  in u s e .  G r a d e s  of
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T a b l e  2 . 1
K a o l i n  Used or  S o l d  by P r o d u c e r s  in t h e  U . S . ,  by Use
Use S h o r t  Tons %
Domes t i c :  
Adhes  i v es 5 8 , 6 4 9 . 59
Al u mi n u m s u l f a t e  and o t h e r  c h e m i c a l s 2 3 3 , 6 2 5 2 . 3 6
An i ma l  Feed 4 ,  930 . 05
B r i c k ,  e x t r u d e d  & o t h e r 4 1 0 , 3 2 6 4 . 1 4
C a t a l y s t s  ( o i l  & gas r e f i n i n g ) 119 ,  600 1 . 2 1
Cemen t , po r t I  and 2 2 1 , 5 7 8 2 . 24
C h i n a  & d i n n e r w a r e 5 3 , 3 0 4 . 54
C r o c k e r y  & o t h e r  e a r t h e n w a r e 5 , 097 . 05
E l e c t r i c a l  p o r c e l a i n 1 6 , 4 8 1 . 1 7
F e r  t i I i  z e r s 5 , 437 . 05
F i b e r g l a s s ,  m i n e r a l  wool  and o t h e r  
i n s u I  a t i on 5 0 8 , 2 4 6 5 . 1 3
F l o o r ,  w a l l  t i l e ,  c e r a m i c ;  g l a z e s ,  
g l a s s ,  e n a me l s 2 2 , 9 0 9 . 23
F i r e b r i c k ,  b l o c k s  and s h a p e s 1 7 2 , 7 6 4 1 . 7 5
F l u e  l i n i n g s ,  h i g h  a l u m i n a  b r i c k  
and s pec  i a I i  t i e s 7 3 , 7 9 8 . 7 5
F o u n d r y  sand 645
G r o g s  & c a l c i n e s ,  r e f r a c t o r y 6 0 6 , 2 1 5 6 . 1 3
Gypsum p r o d u c t s  and w a I I b o a r d 1 4 , 2 0 0 . 14
I nk 2 , 4 9 3 . 03
K i l n  f u r n i t u r e ;  r e f r a c t o r y  m o r t a r  
and cement 6 , 6 7 6 . 0 7
L i n o l e u m  & a s p h a l t  t i l e 3 1 , 4 8 3 . 3 2
M e d i c a l ,  p h a r m a c e u t i c a l ,  c o s m e t i c 3 . 6 2 4 . 04
Pa i n t 3 2 4 , 4 6 5 3 . 2 8
P a p e r - c o a  t i ng 2 , 7 3 7 , 3 9 6 27 . 6 8
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T a b l e  2 . 1 ,  c o n t i  nued  
Use  S h o r t  Tons  %
P a p e r  - f i I  I i ng 1 , 6 3 1 , 2 24 1 6 . 4 9
P e s t i c i d e s  & r e l a t e d  p r o d u c t s 6 2 , 290 . 6 2
P l a s t i c s 61 , 332 . 6 2
Po 11 e r y 3 2 , 6 14 . 3 0
Roo f i ng g r a n u I e s 1 1 , 287 . 1 1
Rubbe r 2 2 4 , 197 2 . 2 7
San i t a r y  w a r e 26 , 847 . 27
W a t e r p r o o f i n g  and s e a l i n g 47 , 759 . 41
M i s ee  I I a n e o u s 376  , 0 73 3 . 8 0
Sub t o t a l 8 , 0 9 9 , 564 8 1 . 8 9
Ex p o r  t s  : 
Ce r a mi  cs 18, 4 82 . 19
F o u n d r y  s a n d ,  g r o g s  and c a l c i n e s ,
and o t h e r  r e f r a c t o r i e s 33 , 000 . 33
Pa i n t 3 4 , 495 . 35
P a p e r - c o a  t i n g 1 , 2 0 8 , 145 1 2 . 2 1
P a p e r - f  i I  I i  ng 325  , 6 02 3 . 29
Rubbe r 98 , 0 9 3 . 99
M i s c e i l a n e o u s 73 . 754 . 75
Sub to t a I 1 , 7 9 1 , 5 7 1 1 8 . 1 1
G r a n d  t o t a l 9 , 8 9 1 , 1 3 5 1 0 0 . 0 0
S o u r c e :  U . S .  B u r e a u  o f  M i n e s .  C l a y s  M i n e r a l s  Y e a r b o o k ,
1 9 8 8 .
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k a o l i n  d e n o t e  t h e  t y p e  o f  p r o c e s s i n g  t h e  c r u d e  k a o l i n  
u n d e r g o e s  b e f o r e  r e a c h i n g  i t s  e n d - u s e  f o r m .  Of  t h e  f o u r  
b a s i c  g r a d e s  used i n i n d u s t r i a l  p i g m e n t  a p p l i c a t i o n s ,  
c a l c i n e d  c l a y  demands t h e  h i g h e s t  p r i c e  pe r  t on  and i s  used  
as a f i l l e r  or  e x t e n d e r .  I t  g i v e s  h i g h  b r i g h t n e s s  and l ow 
b u l k  d e n s i t y ;  h o w e v e r ,  t h e  h i g h  b r i g h t n e s s  i s  d e t r i m e n t a l  i n  
t h a t  i t  r e d u c e s  o p a c i t y .
D e l a m i n a t e d  k a o l i n  i s  wh a t  i t  sounds  l i k e ,  t h e  
l a m i n a t e d  k a o l i n  as i t  o c c u r s  i n n a t u r e  i s  b r o k e n  down i n t o  
t h i n n e r  p l a t e l e t s  to i m p r o v e  b r i g h t n e s s  and o p a c i t y .  
D e l a m i n a t e d  c l a y  has g a i n e d  p o p u l a r i t y  i n t h e  p a p e r  i n d u s t r y  
and i s  e x t e n s i v e l y  used as a c o a t i n g  f o r  l i g h t - w e i g h t  c o a t e d  
(LWC) p a p e r .  A i r f l o a t e d  c l a y s ,  t h e  l e a s t  r e f i n e d  and t h e  
l e a s t  e x p e n s i v e  a r e  consumed p r i m a r i l y  as a f i l l e r .
W a t e r w a s h e d  k a o l i n  i s  by f a r  t h e  most  u t i l i z e d  g r a d e .
A n o t h e r  t r e n d  i s  t h e  d e v e l o p m e n t  o f  d e p o s i t s  c l o s e r  to  
t h e  p o i n t  of  use  and e x t e n t i o n  o f  c a p a c i t y  of  f a v o r a b l y  
l o c a t e d  e x i s t i n g  p l a n t s .  T h i s  has o c c u r r e d  i n t h e  U n i t e d  
S t a t e s ,  t h e  U n i t e d  Ki ngdom and now in C a n a d a ,  a c o u n t r y  w i t h  
a l m o s t  no h i s t o r y  o f  k a o l i n  p r o d u c t i o n ,  and i n A s i a ,  S o u t h  
K o r e a ,  and A u s t r a l i a  b e c a u s e  o f  t h e  c l o s e  J a p a n e s e  m a r k e t .
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2 . 2  M a j o r  M a r k e t s
The  p a p e r ,  p a i n t ,  p l a s t i c s ,  and r u b b e r  i n d u s t r i e s  a r e  
t h e  m a j o r  s o u r c e s  o f  a p p l i c a t i o n s  f o r  k a o l i n  p r o d u c t s .
2 . 2 . 1  P a p e r
The  p a p e r  i n d u s t r y ,  t h e  most  i m p o r t a n t  c o n s u me r ,  uses  
k a o l i n  f o r  f i l l e r  and c o a t i n g  a p p l i c a t i o n s .  As m i g h t  be 
e x p e c t e d ,  t h e  p a p e r  c o m p a n i e s  use  t h e  m i n e r a l  o r  c o m b i n a t i o n  
of  m i n e r a l s  most  r e a d i l y  a v a i l a b l e  t h a t  f u l f i l l  t e c h n i c a l  
n e e d s  and a r e  c o m p e t i t i v e l y  p r i c e d .  The  t y p e  and q u a l i t y  of  
m i n e r a l  used d e p e n d s  on t h e  t y p e  o f  p a p e r  b e i n g  
m a n u f a c t u r e d .  For  e x a m p l e ,  t i s s u e - t y p e  p a p e r  does  not  
c o n t a i n  m i n e r a l s .  Gr oundwood p u l p - t y p e  p a p e r s  used to make  
n e w s p r i n t ,  o f f i c i a l  a i r l i n e  g u i d e s ,  and t e l e p h o n e  
d i r e c t o r i e s  c o n t a i n  l i t t l e  or  no f i l l e r .  P a p e r s  f o r  
m a g a z i n e s  or  company a n n u a l  r e p o r t s  c o n t a i n  up t o  30% k a o l i n  
by w e i g h t  o f  m i n e r a l s .
K a o l i n  used i n p a p e r  f i l l s  t h e  i n t e r s t i c e s  of  t h e  s h e e t  
and c o a t s  t h e  s u r f a c e ,  i m p a r t i n g  s m o o t h n e s s ,  g l o s s ,  
b r i g h t n e s s ,  o p a c i t y ,  and p r i n t a b i I i t y . Less  e x p e n s i v e  t h a n  
p a p e r  p u l p ,  k a o l i n  e f f e c t i v e l y  l o w e r s  p a p e r  p r o d u c t i o n  c o s t s  
and i s  c h e a p e r  o r  mor e  e f f i c i e n t  t h a n  o t h e r  m i n e r a l s  used in  
f i l l i n g  and c o a t i n g .  I t  i s  i n e r t  t o  o t h e r  i n g r e d i e n t s  i n  
p a p e r ,  i s  r e t a i n e d  w e l l  b e t w e e n  t h e  p a p e r  f i b e r s ,  i s
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a v a i l a b l e  i n l a r g e  q u a n t i t i e s ,  and i t s  p l a t y  s t r u c t u r e  l e n d s  
i t s e l f  t o t h e  p r o d u c t i o n  o f  h i g h  q u a l i t y  p a p e r  c o a t i n g .  Of  
t h e  v a r i o u s  c a t e g o r i e s  o f  p a p e r  and b o a r d  m a n u f a c t u r e d ,  t h e  
s e c t o r  o f  most  i n t e r e s t  f r o m a m i n e r a l  a d d i t i v e  v i e w p o i n t  i s  
t h a t  d e v o t e d  t o t h e  p r o d u c t i o n  o f  p r i n t i n g  and w r i t i n g  
m a t e r i a l .  P r i n t i n g  and w r i t i n g  p a p e r s  can c o n v e n i e n t l y  be 
c a t e g o r i z e d  as e i t h e r  c o a t e d  o r  u n c o a t e d ,  w i t h  e ac h  d i v i s i o n  
s u b d i v i d e d  f u r t h e r  a c c o r d i n g  t o t h e  n a t u r e  or  t h e  p u l p  u s e d :  
m e c h a n i c a l  or  w o o d - f r e e .
U n c o a t e d  m e c h a n i c a l  p a p e r s  h a v e  v a r i a b l e  f i l l e r  
c o n t e n t s ,  f r o m a r o u n d  10% i n d i r e c t o r y  p a p e r s  t o 25%- 30% in 
u n c o a t e d  s u p e r c a l e n d e r e d  p a p e r s  used f o r  c o l o r  s u p p l e m e n t s  
and a d v e r t i s i n g  b r o c h u r e s .  Bo t h  c o a t e d  and u n c o a t e d  w o o d -  
f r e e  p a p e r s  i n c o r p o r a t e  k a o l i n  c o n t e n t  i n e x c e s s  o f  20%.  
C o a t e d  w o o d - f r e e  t e n d s  t o  be h e a v i e r  p a p e r  and i s  used f o r  
h i g h  q u a l i t y  p u r p o s e s .  U n c o a t e d  w o o d - f r e e  p a p e r s ,  w h i c h  
i n c l u d e  o f f i c e  and b u s i n e s s  s t a t i o n e r y ,  and c o p i e r  and 
c o m p u t e r  p a p e r  i s  a m a j o r  m a r k e t  f o r  k a o l i n .  Some g r a d e s ,  
such  as u n c o a t e d  s u p e r  c a l e n d e r e d  and LWC p a p e r s  c o m p e t e ,  
demand d e p e n d i n g  upon a d v e r t i s i n g  and c ons u me r  s p e n d i n g  
w h i c h ,  u l t i m a t e l y ,  i s  a r e f l e c t i o n  o f  p r e v a i l i n g  e c o n o mi c  
c o n d i t i o n s  ( I n d u s t r i a l  M i n e r a l s , 1 9 8 7 ) .
G r o w t h  o f  c o a t i n g  p i g m e n t s  has been s u b s t a n t i a l  o v e r  
t h e  l a s t  15 y e a r s  o wi n g  t o  i n c r e a s e d  l o a d i n g  l e v e l s  o f
T - 3 9 8 0 1
c o a t i n g  p i g m e n t s  i n c o r p o r a t e d  i n t o  t h e  b a s e  s h e e t ,  as in t h e  
LWC p a p e r s .  W i t h i n  t h e  p r i n t i n g  and w r i t i n g  s e c t o r ,  most  
demand i s  f o r  LWC p a p e r  by t h e  a d v e r t i s i n g  i n d u s t r y ,  and i s  
e n j o y i n g  a s t e a d y  a n n u a !  g r o w t h  of  a r o u n d  4%.  W o o d f r e e  
g r a d e s  a r e  g r o w i n g  by 2%-3% pe r  y e a r .
C a l c i n e d  c l a y s  h a v e  e x p e r i e n c e d  i n c r e a s e d  demand  
p a r t i c u l a r l y  as a t i t a n i u m d i o x i d e  s u b s t i t u t e  i n b o t h  t h e  
U . S .  p a p e r  and p a i n t  i n d u s t r i e s .  The  U n i t e d  S t a t e s  and 
E u r o p e  a r e  t h e  two p r i n c i p a l  p a p e r m a k i n g  r e g i o n s  w i t h  West  
Ge r many  r e i g n i n g  as E u r o p e ’ s p r e m i e r  p a p e r  p r o d u c e r .
2 . 2 . 2  C e r a m i c s
The  c e r a m i c s  i n d u s t r y  i s  t h e  o l d e s t  m a r k e t  f o r  k a o l i n  
and i s  t h e  m i n e r a l ’ s b e s t  known a p p l i c a t i o n .  The  i n d u s t r y  
i n c l u d e s  whi  t e w a r e s ,  w a l l  t i l e s ,  i n s u l a t o r s ,  r e f r a c t o r i e s , 
g l a s s e s ,  e n a m e l s ,  f i b e r  g l a s s ,  and w h i t e  c e m e n t .  K a o l i n  i s  
a l s o  used i n some f a c e  b r i c k  when a w h i t e  c o l o r  i s  d e s i r e d .
C e r a m i c  w h i t e w a r e  i s  a t e r m r e s t r i c t e d  to c l a y s  t h a t  
f i r e  w h i t e .  T h e r e  a r e  f o u r  p r i n c i p a l  t y p e s  o f  w h i t e w a r e ,  
e a c h  composed o f  t h r e e  o r  mor e  m i n e r a l  c o n s t i t u e n t s ,  t h e  
m a i n  ones  b e i n g  k a o l i n ,  b a l l  c l a y ,  s i l i c a ,  and a f l u x  w h i c h  
i s  commonl y  p o t a s s i c  f e l d s p a r ,  n e p h e l i n e  s y e n i t e ,  or  C h i n a  
s t o n e .  T he  a p p r o x i m a t e  c o m p o s i t i o n s  o f  some o f  t h e  ma i n  
v a r i a n t s  a r e  as f o l l o w s :
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E a r t h e n w a r e :  K a o l i n  -  25%
BaI  I c l a y  -  25%
S i l i c a  -  35%
F l u x  -  15%
E a r t h e n w a r e  i n c l u d e s  h o l l o w w a r e ,  w a l l  t i l e s ,  and 
s a n i t a r y  e a r t h e n w a r e .
C h i n a w a r e  or  p o r c e l a i n .  T h i s  c a t e g o r y  i s  u s u a l l y  s u b ­
d i v i d e d  i n t o  p o r c e l a i n ,  bone c h i n a ,  and v i t r e o u s  c h i n a .  
A p p r o x i m a t e  c o m p o s i t i o n s  a r e  t h e  f o l l o w i n g :
P o r c e l a i n  Bone C h i n a  V i t r e o u s  C h i n a
( %)
Kao I i n 60 25 2 0 - 3 0
BaI  I c I  ay 10 -  2 0 - 3 0
Si  I i ca 15 -  3 0 - 4 0
F l u x  15 25 1 5 - 2 5
Ta i c -  -  0 - 3
Bone ash -  50
S t o n e w a r e  us e s  p l a s t i c  c l a y s  c o n s i s t i n g  o f  k a o l i n ,  50% 
b a l l  c l a y ,  20%;  f e l d s p a r ,  20%;  and s i l i c a ,  10%.  E l e c t r i c a l  
p o r c e l a i n  c o n s i s t s  m a i n l y  o f  k a o l i n ,  20%;  b a l l  c l a y ,  30%;  
s i l i c a ,  20%;  and f l u x ,  30% ( I n d u s t r i a l  M i n e r a l s ,  1 9 8 7 ) .  
C h o i c e  o f  a p a r t i c u l a r  c o m b i n a t i o n  o f  t h e  a b o v e  m e n t i o n e d  
c l a y s  d e p e n d s  on t h e  p r o d u c t i o n  me t h o d s  e mp l o y e d  as w e l l  as  
t h e  f i n a l  p r o p e r t i e s  r e q u i r e d .  The  c e r a m i c s  i n d u s t r y  can
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make use  o f  a much g r e a t e r  number  o f  c l a y s  t h a n  can be used  
by t h e  p a p e r  I n d u s t r y ,  and c h e a p  l o c a l  c l a y s  can o f t e n  be 
used w i t h  mor e  c o n s i s t e n t  m a t e r i a l s ,  a l t h o u g h  n o t  a l w a y s  
w i t h  t h e  b e s t  r e s u l t s .  S i n c e  1980 t h e  use  o f  k a o l i n  i n t h e  
c e r a m i c s  i n d u s t r y  in two o f  i t s  m a j o r  m a r k e t s ,  E u r o p e  and 
t h e  U n i t e d  S t a t e s ,  has  be en  mo r e  or  l e s s  s t a t i c  ( W a t s o n ,  
1 9 8 2 ) .  T h i s  i s  m a i n l y  b e c a u s e  of  t h e  s u b s t a n t i a l  
p e n e t r a t i o n  o f  t h e  E u r o p e a n  and U . S .  m a r k e t s  by f o r e i g n  
c o m p e t i t o r s ,  e s p e c i a l l y  t h e  F a r  E a s t  ( T a i w a n  and S o u t h  
K o r e a )  and B r a z i l .  D e s p i t e  r e l a t i v e l y  h i g h  t r a n s p o r t a t i o n  
c o s t s ,  t h e  F a r  E a s t  c o u n t r i e s  a r e  s t i l l  a b l e  t o  d e l i v e r  
k a o l i n  p r o d u c t s  a t  much l o w e r  c o s t  i n t h e  E u r o p e a n  m a r k e t  
b e c a u s e  of  l o we r  p r o d u c t i o n  c o s t s ,  a r e f l e c t i o n  o f  l o we r  
l a b o r  c o s t s .  The  U . S  w h i t e w a r e  m a r k e t  has a l l o w e d  
s u b s t a n t i a l  i m p o r t s  in r e c e n t  y e a r s  f r o m f o r e i g n  p r o d u c e r s ,  
i n c l u d i n g  S o u t h  K o r e a  and B r a z i l .  S i g n i f i c a n t  q u a n t i t i e s  of  
s t o n e w a r e  a r e  a l s o  i m p o r t e d  i n t o  t h e  U . S .  m a r k e t  f r o m t h e  
F a r  E a s t e r n  and L a t i n  A m e r i c a n  c o u n t r i e s .  N o n e t h e l e s s ,  a t  
t h e  h i g h  v a l u e  end o f  t h e  w h i t e w a r e  m a r k e t ,  t h e  
i n d u s t r i a l i z e d  n a t i o n s  s t i l l  h a v e  an e dge  and a r e  e n j o y i n g  
g r e a t  demand i n t h e  J a p a n e s e ,  C h i n e s e ,  and S o u t h  K o r e a n  
m a r k e t s .  The  F a r  Ea s t ,  m a r k e t  p o s s e s s e s  c o n s i d e r a b l e  g r o w t h  
p o t e n t i a l  f o r  s p e c i a l i s t  g r a d e s  o f  c l a y ,  e s p e c i a l l y  
c o u n t r i e s  such as J a p a n ,  T a i w a n ,  S o u t h  K o r e a ,  and C h i n a .
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One r e a s o n  i s  t h e  i n c r e a s e d  l e v e l  o f  c h e a p  w h i t e w a r e  e x p o r t s  
( o f  w h i c h  some r e q u i r e  a h i g h  q u a l i t y  r aw k a o l i n  g r a d e )  i n t o  
W e s t e r n  E u r o p e  and t h e  U n i t e d  S t a t e s .  A n o t h e r  f a c t o r  
i n f l u e n c i n g  m a r k e t  p o t e n t i a l  i s  t h e  huge  s i z e  of  d o m e s t i c  
m a r k e t s  w i t h i n  t h e  F a r  E a s t .  A l t h o u g h  c e r a m i c  g r a d e  c l a y s  
a r e  p r o d u c e d  l o c a l l y ,  t h e r e  i s  s t i l l  p o t e n t i a l  f o r  t h e  
q u a l i t y  g r a d e  k a o l i n  t o  be s h i p p e d  f r o m t h e  U . S . ,  d e s p i t e  
t h e  f a c t  t h a t  a r o u n d  h a l f  t h e  p r i c e  o f  t h e  c l a y  i s  
d i s c o u n t e d  i n t r a n s p o r t  c o s t s .  The  c h a l l e n g e  t o  t h e  W e s t e r n  
k a o l i n  p r o d u c e r s  i s  to p e r s u a d e  l o c a l  c e r a m i c  p r o d u c e r s  to  
us e  s p e c i a l i s t  c e r a m i c  c l a y  i n s t e a d  o f  t h e  l o c a l  v a r i a n t .
2 . 2 . 3  R u b b e r ,  P a i n t ,  and P l a s t i c s
K a o l i n  i s  used as an e x t e n d e r  or  f i l l e r  p i g me n t  i n  
r u b b e r ,  p a i n t s ,  and p l a s t i c s .  H i s t o r i c a l l y ,  e x t e n d e r  and 
f i l l e r  p i g m e n t s  h a v e  been m i n e r a l s  used e i t h e r  t o  e x t e n d  
mor e  e x p e n s i v e  p i g m e n t s  o r  t o  f i l l  and t a k e  t h e  p l a c e  of  
c r i t i c a l  raw m a t e r i a l s .  M i n e r a l s  used as e x t e n d e r s  a r e  
c h a r a c t e r i z e d  by h i g h  b r i g h t n e s s  and a r e  used e s p e c i a l l y  to  
e x t e n d  t i t a n i u m d i o x i d e . The  f i l l e r  r o l e  o f  t h e s e  p r o d u c t s  
i s  as a r e p l a c e m e n t  f o r  such  c o s t l y  m a t e r i a l s  as wood p u l p  
i n  p a p e r  or  p o l y m e r  r e s i n s  i n  s e l e c t e d  p l a s t i c s .  W h i l e  many  
m i n e r a l s  a r e  s t i l l  used t o r e d u c e  c o s t ,  a m a j o r  p o r t i o n  a r e  
added t o p l a s t i c s ,  r u b b e r ,  and p a i n t s  t o  i mp r o v e  s p e c i f i c
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p r o p e r t i e s .  As a r e s u l t  o f  t h e  t e c h n i c a l  i m p r o v e m e n t s  in 
t h e  p r o p e r t i e s  o f  t h e s e  p r o d u c t s ,  t h e y  a r e  now to a g r e a t  
e x t e n t  f u n c t i o n a l  a d d i t i v e s ,  n o t  j u s t  f i l l e r s .
The  r u b b e r  i n d u s t r y  u s e s  l a r g e  amount s  o f  k a o l i n  as a 
f i l l e r  o r  e x t e n d e r  i n b o t h  n a t u r a l  and s y n t h e t i c  r u b b e r  
p r o d u c t s .  K a o l i n  i mp r o v e s  s t r e n g t h ,  a b r a s i o n  r e s i s t a n c e ,  
and r i g i d i t y ,  and a t  t h e  same t i m e  l o w e r s  p r o d u c t i o n  c o s t s .  
" H a r d "  k a o l i n  i s  a v e r y  f i n e  p a r t i c I e - s i z e  k a o l i n  t h a t  t e n d s  
t o  i m p r o v e  t h e  t e n s i l e  s t r e n g t h  of  r u b b e r  and i t s  r e s i s t a n c e  
to t e a r i n g  and a b r a s i o n .  " S o f t "  k a o l i n  l a c k s  t h e  
r e i n f o r c i n g  p r o p e r t i e s  o f  h a r d  k a o l i n  and i s  used t o  l o we r  
e l a s t i c i t y  and i mp r o v e  a b r a s i o n  r e s i s t a n c e ,  p a r t i c u l a r l y  i n  
such  p r o d u c t s  as f l o o r  t i l e  and s o f t  r u b b e r  g o o d s .  The  
p r i n c i p l e  us e  o f  h a r d  k a o l i n  i n r u b b e r  i s  i n t h e  p r o d u c t i o n  
of  f o o t w e a r  and c a b l e  c o v e r s .  The  r u b b e r  i n d u s t r y  i s  
s t r o n g l y  i n f l u e n c e d  by t h e  a u t o m o b i l e  i n d u s t r y .  T i r e  m a k i n g  
i s  t h e  l a r g e s t  end us e  o f  r u b b e r ,  m a k i n g  up a b o u t  55% of  t h e  
r u b b e r  m a r k e t .  K a o l i n  c o n s u m p t i o n  i n t h e  r u b b e r  i n d u s t r y  i s  
e x p e c t e d  t o  i n c r e a s e  d u r i n g  t h e  1 9 9 0 s  b e c a u s e  o f  t h e  g r o w t h  
o f  r a d i a l  t i r e s  w h i c h  consume t w i c e  t h e  n a t u r a l  r u b b e r  t h a t  
b i a s  t i r e s  d o .
A i r f l o a t e d  k a o l i n  i s  t h e  most  used g r a d e  o f  k a o l i n  
b e c a u s e  o f  i t s  r e l a t i v e l y  l ow c o s t  as a f i l l e r  i n r u b b e r  
a p p l i c a t i o n s .  The  t r e n d  t o  us e  k a o l i n  as a f u n c t i o n a l
T - 3 9 8 0 16
a d d i t i o n ,  and n o t  as a me r e  b u l k i n g  a g e n t ,  i s  g a i n i n g  in 
popuI  a r  i t y .
K a o l i n  i s  used in p a i n t s  b e c a u s e  i t  i s  c h e m i c a l l y  
i n e r t ,  has v e r y  h i g h  c o v e r i n g  p o we r ,  g i v e s  d e s i r a b l e  f l o w  
p r o p e r t i e s ,  i s  w h i t e ,  i s  l ow i n c o s t ,  and r e d u c e s  t h e  amount  
of  e x p e n s i v e  p i g m e n t  r e q u i r e d .  I n a d d i t i o n ,  i t  has  
e x c e l l e n t  s u s p e n s i o n  p r o p e r t i e s  and i s  a v a i l a b l e  in a w i d e  
r a n g e  o f  p a r t i c l e  s i z e s  t h a t  can be used i n many t y p e s  o f  
p a i n t s .  C o a r s e  p a r t i c l e  k a o l i n  i s  used i n p a i n t s  w h e r e  a 
d u l l  o r  f l a t  f i n i s h  i s  r e q u i r e d ,  and f i n e  p a r t i c l e  k a o l i n  i s
used i n h i g h  g l o s s  p a i n t s .
C a l c i n e d  and w a t e r  b e n e f i c i a t e d  k a o l i n s  a r e  used in  
i n t e r i o r  f l a t  w a l l  p a i n t s  and in m e t a l  p r i m e r s .  W a t e r  
b e n e f i c i a t e d  g r a d e s  o f  k a o l i n  d i s p e r s e  e a s i l y  i n w a t e r .
Some k a o l i n s  a r e  c h e m i c a l l y  t r e a t e d  t o  make t hem 
o r g a n o p h o b i c  o r  h y d r o p h o b i c  and t h e r e b y  s u i t a b l e  f o r  us e  i n  
e x t e r i o r  o i l - b a s e d  p a i n t s .  C a l c i n e d  k a o l i n ,  b e c a u s e  o f  i t s  
r e s i s t a n c e  t o a b r a s i o n  and i t s  d r y  c o v e r i n g  p r o p e r t i e s ,  i s  
b e i n g  used i n i n c r e a s i n g  q u a n t i t i e s  by p a i n t  m a n u f a c t u r e r s .  
I t  i s  a l s o  an e x c e l l e n t  e x t e n d e r  f o r  t i t a n i u m d i o x i d e , t h e  
l e a d i n g  p a i n t  p i g m e n t ,  p a r t i c u l a r l y  i n l a t e x  p a i n t .  I t s  use
r e d u c e s  c o s t s  and s i m p l i f i e s  t h e  f o r m u l a t i o n  o f  t h e  p a i n t .
K a o l i n ’ s p r i n c i p a l  f u n c t i o n  i n t h e  p a i n t  i n d u s t r y  i s  as a 
s u b s t i t u t e  f o r  t h e  mor e  e x p e n s i v e  t i t a n i u m d i o x i d e  w h i c h ,  by
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v i r t u e  o f  i t s  s u p e r i o r  w e a t h e r i n g  q u a l i t y  and o p a c i t y ,  t e n d s  
t o  be used f o r  e x t e r i o r  a pp I  i c a t i o n s . The  i n c r e a s e d  
p r o d u c t i o n  and use o f  l i g h t  w e i g h t  c o a t e d  p a p e r s  has l ed t o  
d r a m a t i c  p r i c e  i n c r e a s e s  o f  T i 0 2  i n an a l r e a d y  t i g h t  m a r k e t ,  
and has i n c r e a s e d  t h e  demand f o r  c a l c i n e d  g r a d e  k a o l i n  f o r  
us e  as a T i 0 2  e x t e n d e r ,  p a r t i c u l a r l y  i n t h e  U . S .  m a r k e t .  I n  
t h i s  s i t u a t i o n  t h e  p a i n t  i n d u s t r y  c o m p e t e s  a g a i n s t  t h e  p a p e r  
i n d u s t r y ,  l e a d i n g  to s h o r t a g e s  o f  f i l l e r  f o r  t h e  p a i n t  
i n d u s t r y .  T h i s  f a c t o r  a c c o u n t s  f o r  t h e  r e c e n t  e x p a n s i o n  in  
c a l c i n e d  k a o l i n  by t h e  m a j o r  c o mp a n i e s  i n t h e  U . S .  The  use  
o f  t h e  h i g h e r  p r i c e d  c a l c i n e d  k a o l i n  makes t h e  p a i n t  
i n d u s t r y  one  o f  t h e  mor e  l u c r a t i v e  m a r k e t s  f o r  k a o l i n  
p r o d u c e r s .  T h e  U . S .  p a i n t  i n d u s t r y  i s  t h e  s ec o n d  l a r g e s t  
c on s u me r  o f  c a l c i n e d  k a o l i n  i n t h e  i n d u s t r i a l  p i g m e n t s  
m a r k e t s ,  c o n s u mi n g  mor e  t h a n  1 0 0 , 0 0 0  s h o r t  t o n s  p e r  y e a r .
K a o l i n  i s  used e x t e n s i v e l y  as a f i l l e r  i n p l a s t i c s  f o r  
s m o o t h e r  s u r f a c e s ,  mor e  a t t r a c t i v e  f i n i s h e s ,  d i m e n s i o n a l  
s t a b i l i t y ,  and r e s i s t a n c e  t o c h e m i c a l  a t t a c k .  M a n u f a c t u r e r s  
of  p o I y v i n y I c h I o r i d e  ( PVC)  use  k a o l i n  as a r e i n f o r c i n g  a g e n t  
t o make t h e  p l a s t i c  mor e  d u r a b l e .  C a l c i n e d  and p a r t i a l l y  
c a l c i n e d  k a o l i n s  a r e  used as a f i l l e r  i n PVC w i r e  i n s u l a t i o n  
t o i m p r o v e  e l e c t r i c a l  r e s i s t i v i t y .  I n t h e  m a n u f a c t u r i n g  o f  
g l a s s  r e i n f o r c e d  p o l y e s t e r s ,  k a o l i n  has h e l p e d  e l i m i n a t e  
f l o w  p r o b l e m s  t h a t  h i n d e r e d  p r o d u c t i o n  o f  l a r g e  a u t o m o b i l e
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p a r t s  and b o a t  h u l l s .  K a o l i n  use r e s u l t s  in a s t r o n g e r ,  
mor e  u n i f o r m  p a r t  or  b o d y .  K a o l i n  i s  e x t e n s i v e l y  used i n  
v i n y l  f l o o r  c o v e r i n g s .  S u r f a c e  m o d i f i e d  k a o l i n  g i v e s  
i mp r o v e d  d i s p e r s i b i I  i t y  i n c e r t a i n  p l a s t i c  s y s t e m s  t h a t  
g r e a t l y  i n c r e a s e  t h e i r  u s a g e .  P l a s t i c s  a r e  a m a j o r  a r e a  of  
f u t u r e  g r o w t h  f o r  k a o l i n  p r o d u c t s .
In i t s  use  as a f u n c t i o n a l  f i l l e r  in p o l y t h e n e  f i l m  
( 7%-8% by w e i g h t ) ,  k a o l i n  i s  i m p o r t a n t  to t h e  a g r i c u l t u r a l  
i n d u s t r y .  The  i n f r a r e d  a b s o r p t i o n  c h a r a c t e r i s t i c s  o f  t h e  
f i l m  h e l p s  r e t a i n  h e a t  i n g r e e n h o u s e s .
The  f a s t e s t  g r o w i n g  segment  of  k a o l i n  i n p l a s t i c s  a r e  
t h e  c h e m i c a l l y  m o d i f i e d  k a o l i n  g r a d e s  e mp l o y e d  as c o u p l i n g  
a g e n t s .  T h e s e  c l a y s  ha v e  a v e r a g e d  10% g r o w t h  pe r  y e a r  s i n c e  
1 9 7 4 .
2 . 3  T r e n d s  i n  W o r l d  Demand and S u p p l y
The  s t e a d y  g r o w t h  o f  k a o l i n  p r o d u c t i o n  o v e r  t h e  l a s t  
t h r e e  d e c a d e s  has n o t  been w i t h o u t  i n t e r r u p t i o n .  T he  use  of  
k a o l i n  i s  f a i r l y  c l o s e l y  g e a r e d  to w o r l d  e c o n o mi c  a c t i v i t y .  
K a o l i n ’ s c l o s e  r e l a t i o n s h i p  w i t h  t h e  p a p e r  i n d u s t r y  i s  w e l l  
r e c o g n i z e d .  P a p e r  r e p r e s e n t s  a b o u t  t w o - t h i r d s  o f  k a o l i n ’ s 
m a r k e t ,  t h e  l a r g e s t  t o n n a g e  o f  r aw m a t e r i a l  a f t e r  p u l p  
i t s e I f  .
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A number  o f  c o n s t r u c t i o n  m a t e r i a l s  c o n t a i n  k a o l i n  as a 
r aw m a t e r i a l  ( b r i c k s ,  r e f r a c t o r i e s , p a i n t ) ,  and i t s  use  i s  
i n c r e a s i n g  i n r u b b e r  a p p l i c a t i o n s  s u ch  as t i r e s .  Bo t h  t h e  
c o n s t r u c t i o n  and a u t o  i n d u s t r i e s  a f f e c t  k a o l i n  demand.  As 
i n d i c a t e d ,  k a o l i n  as a r aw m a t e r i a l  i s  used f o r  t h e  
m a n u f a c t u r e  o f  d u r a b l e  and n o n d u r a b l e  g o o d s .  K a o l i n  
p r o d u c t i o n  has been v e r y  s e n s i t i v e  t o t h e  r e p e a t e d  c y c l i c a l  
b u s i n e s s  d o w n t u r n s ,  p a r t i c u l a r l y  i n  t h e  p a s t  two d e c a d e s .
The  r e c e s s i o n  o f  1 9 7 4 - 1 9 7 5  r e s u l t e d  in a w o r l d w i d e  
d e c r e a s e  i n  t h e  p r o d u c t i o n  o f  k a o l i n ,  d r o p p i n g  f r o m  
1 7 , 5 6 0 , 0 0 0  s h o r t  t o n s  i n 1974  t o a b o u t  1 3 , 9 6 0 , 0 0 0  s h o r t  t o n s  
i n  1 9 7 5 .  I n  t h e  U n i t e d  S t a t e s  k a o l i n  s o l d  or  used d r o p p e d  
16%.  T h i s  p i c t u r e  was t h e  same i n E u r o p e .  The  boom of  
1 9 7 3 - 1 9 7 4  t u r n e d  i n t o  a b u s t  i n 1975 and k a o l i n  p r o d u c t i o n  
d r o p p e d  40%.  The  e f f e c t  o f  t h e  r e c e s s i o n  on t h e  E a s t e r n  
B l o c  c o u n t r i e s  was l i m i t e d .
The  r e c o v e r y  came a t  t h e  end o f  1 9 7 5 ,  and k a o l i n  
p r o d u c t i o n  r esumed s t e a d y  g r o w t h  w o r l d w i d e .  S t e a d y  g r o w t h  
i n t h e  l a t e  1 9 7 0 s  p r o m p t e d  U . S .  and E u r o p e a n  p r o d u c e r s  t o  
c o n s i d e r  i n s t a l l i n g  mor e  c a p a c i t y .  The  a l l - t i m e  h i g h  
p r o d u c t i o n  i n 1980  s u p p o r t e d  t h e  p l a n s  f o r  h i g h e r  
p r o d u c  t i o n .
I n 1981 p r o d u c t i o n  d r o p p e d  s u b s t a n t i a l l y  i n t h e  U n i t e d  
S t a t e s  and U n i t e d  Ki ngdom b e c a u s e  o f  t h e  o n g o i n g  w o r l d
T - 3 9 8 0
r e c e s s i o n .  As s u mi n g  t h a t  g r o w t h  w o u l d  r ecommence  i n 1 9 8 1 ,  
t h e  U . S .  k a o l i n  i n d u s t r y ,  based  i n G e o r g i a  and S o u t h  
C a r o l i n a ,  e x p a n d e d  c a p a c i t y .  However  t h e  r e c e s s i o n  
c o n t i n u e d  r e s u l t i n g  in c o n s i d e r a b l e  s u r p l u s  c a p a c i t y .
W o r l d  p r o d u c t i o n  i n 1982  d r o p p e d  s i g n i f i c a n t l y ,  ( f r o m  1 7 . 9  
m i l l i o n  s h o r t  t o n s  i n  1981 t o 1 6 . 3  m i l l i o n  s h o r t  t o n s  in 
1 9 8 2 )  a f f e c t i n g  m o s t l y  t h e  U n i t e d  S t a t e s  and E u r o p e .  U . S .  
k a o l i n  p r o d u c t i o n  d e c l i n e d  2 1 %, t h e  g r e a t e s t  d e c l i n e  s i n c e  
1 9 7 6 .  H o w e v e r ,  u n i t  v a l u e  i n c r e a s e d  o wi n g  t o i n c r e a s e d  
p r o d u c t i o n  o f  h i g h e r  v a l u e  k a o l i n  p r o d u c t s .  Mos t  p l a n t s  
i n v o l v e d  w i t h  t h e  p r o d u c t i o n  o f  h i g h  b r i g h t n e s s ,  l ow 
a b r a s i o n  c a l c i n e d  c l a y s  f o r  p a p e r  f i l l i n g  w e r e  r u n n i n g  a t  
f u l l  c a p a c i t y ,  d e s p i t e  t h e  r e c e s s i o n .  O v e r c a p a c i t y  in t h e  
U . S .  k a o l i n  i n d u s t r y  c o n t i n u e d  t h r o u g h  1 9 8 3 .
W o r l d  p r o d u c t i o n  o f  k a o l i n  i mp r o v e d  s i g n i f i c a n t l y  in  
1 9 8 4 ,  e n c o u r a g i n g  e x p l o r a t i o n  i n some E u r o p e a n  c o u n t r i e s .  A 
number  o f  new p l a n t s  came on s t r e a m  and p l a n s  f o r  o t h e r s  
w e r e  on t h e  d r a w i n g  b o a r d .  I n t h e  U n i t e d  S t a t e s  p r o d u c t i o n  
i n c r e a s e d  by 10% i n 19 8 4  and t h e  o v e r c a p a c i t y  of  t h e  p a s t  
y e a r s  l a r g e l y  d i s a p p e a r e d .  New c a p a c i t y  c o n t i n u e s  to come  
on s t r e a m .  I n 1 9 8 5 ,  a C a ma l c o  p l a n t  o f  1 0 0 , 0 0 0  t p y  came on 
s t r e a m  i n N o r t h e r n  Q u e e n s l a n d ,  A u s t r a l i a .  I n t h e  U n i t e d  
S t a t e s  p r o d u c t i o n  d r o p p e d  m a r g i n a l l y  i n r e s p o n s e  t o a 
d e p r e s s e d  p a p e r  i n d u s t r y .  F i g u r e  2 . 1  t r a c k s  p r o d u c t i o n
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Fi  g u r e  2 . 1
U . S . :  P e r c e n t a g e  Cha n g e  K a o l i n  P r o d u c t i o n  vs P e r c e n t a g e
Ch a n g e  Re a l  GNP ( 1 9 8 2  $ )
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t r e n d s  in t h e  U . S .  k a o l i n  i n d u s t r y ;  f o r  c o m p a r i s o n ,  c h a n g e s  
i n t h e  r e a l  GNP a r e  a l s o  p l o t t e d .
The  u p t u r n  i n t h e  p a p e r  i n d u s t r y  s i n c e  1 9 8 6 ,  c o n t i n u e d  
e c o n o mi c  g r o w t h ,  s t r o n g  e x p o r t  demand,  and s t r o n g  
demand by t h e  p a i n t  and p l a s t i c  i n d u s t r i e s ,  has f o s t e r e d  a 
b u o y a n t  k a o l i n  m a r k e t .
I t  i s  o b v i o u s  t h a t  t h e  c u r r e n t  m a r k e t  f o r  k a o l i n  i s  
buoyed  by h e a l t h y  demand f r o m t h e  " t r a d i t i o n a l 1' p a p e r ,  
c e r a m i c s ,  p a i n t ,  and r u b b e r  i n d u s t r i e s .  The  p a p e r  i n d u s t r y  
has r e c o r d e d  i n c r e a s e d  c o n s u m p t i o n  f o r  c o a t i n g ,  f i l l e r ,  and 
c a l c i n e d  g r a d e s  o f  c l a y ,  a t t r i b u t a b l e  t o  a u g me n t e d  
p a p e r m a k i n g  c a p a c i t y  i n  N o r t h  A m e r i c a  and W e s t e r n  E u r o p e .
I n r e s p o n s e  t o  i n c r e a s e d  l e v e l s  of  p a p e r  p r o d u c t i o n  and t h e  
p e r c e p t i o n  t h a t  t h i s  g r o w t h  w i l l  be s u s t a i n e d  ( a t  l e a s t  in 
t h e  s h o r t  t e r m ) ,  some k a o l i n  p r o d u c e r s  a r e  u p g r a d i n g  
p r o d u c t i o n  c a p a c i t y ,  r e a c t i v a t i n g  f o r m e r  p i t s ,  and e ven  
d e v e l o p i n g  g r e e n f i e l d  e x t r a c t i o n  s i t e s .  Demand f o r  k a o l i n  
i n  t h e  p a p e r  i n d u s t r y  i s  due  to g r o w t h  i n t h e  p r i n t  and 
w r i t i n g  s e c t o r  and e s p e c i a l l y  i n t h e  use  o f  l i g h t w e i g h t  
c o a t e d  p a p e r s  ( LWC) .  I t  i s  t h i s  s e c t o r  t h a t  i s  l a r g e l y  
u n d e r p i n n i n g  t h e  k a o l i n  m a r k e t .
I n t h e  U n i t e d  S t a t e s  t h e r e  i s  g r e a t l y  i n c r e a s e d  demand  
f o r  c a l c i n e d  k a o l i n  as a s u b s t i t u t e  f o r  t i t a n i u m  d i o x i d e  
p i g m e n t  i n  p a p e r ,  p a i n t s ,  and p l a s t i c s .  The  s u p p l y  o f  T i 0 2
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i s  t i g h t  and t h e  p r i c e  h i g h .  I n c r e a s e d  c o n s u m p t i o n  of  
c a l c i n e d  k a o l i n  i s  e x p e c t e d  t o l a s t  i n t o  t h e  n i n e t i e s .  Some 
U . S .  k a o l i n  p r o d u c e r s ,  a l r e a d y  w o r k i n g  a t  f u l l  c a p a c i t y ,  a r e  
i m p l e m e n t i n g  m a j o r  e x p a n s i o n s  in c a l c i n e d  k a o l i n  o u t p u t .
2 . 4  E v a l u a t i o n  o f  D e p o s i t s
A f t e r  c o r i n g  t h e  k a o l i n  and r e c o r d i n g  t h e  t h i c k n e s s  o f  
t h e  v a r i o u s  s t r a t a  a b ove  t h e  k a o l i n  and t h e  t h i c k n e s s  o f  t h e  
k a o l i n  body i t s e l f ,  l a r g e - s c a l e  maps a r e  p r e p a r e d  s h o w i n g  
a l l  t h e  r e l e v a n t  i n f o r m a t i o n ,  i n c l u d i n g  t h i c k n e s s  o f  t h e  
o v e r b u r d e n  and k a o l i n  b o d y ,  e l e v a t i o n s ,  and l o c a t i o n  o f  t h e  
d r i l l  h o l e s .  T he  c o l l e c t e d  s a mp l e s  ( c o r e s )  a r e  s e n t  t o  t h e  
l a b o r a t o r y  f o r  p r e p a r a t i o n  f o r  t h e  s e v e r a l  t e s t s  r e q u i r e d  to 
f u l l y  d e t e r m i n e  t h e  k a o l i n ’ s e c o n o mi c  p o t e n t i a l .  S e v e r a l  
s t a n d a r d  t e s t s  must  be p e r f o r m e d ,  i n c l u d i n g  m i n e r a  I o g i c a I  
d e t e r m i n a t i o n s ,  X - r a y  d i f f r a c t i o n ,  s c a n n i n g  e l e c t r o n  
m i c r o s c o p y ,  d i f f e r e n t i a l  t h e r m a l  a n a l y s i s ,  p a r t i c l e  s i z e  
d i s t r i b u t i o n ,  g r i t  p e r c e n t a g e ,  c o l o r ,  v i s c o s i t y ,  
r e s i s t i v i t y ,  p a r t i c l e  s h a p e ,  b e n e f i c i a t i o n  r e s p o n s e ,  c e r a m i c  
t e s t ,  and s u r f a c e  a r e a .  O t h e r  t e s t s  used i n c l u d e  o i l  
a b s o r p t i o n ,  g l o s s ,  o p a c i t y ,  a b r a s i o n ,  m o i s t u r e ,  PH,  and 
r e a g e n t  demand ( M u r r a y ,  1 9 7 9 ) .
T he  b a s i c  t e s t s  f o r  e v a l u a t i n g  k a o l i n  d e p o s i t s ,
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p a r t i c u l a r l y  f o r  us e  i n p a p e r ,  p a i n t ,  c e r a m i c s ,  r u b b e r ,  and 
p l a s t i c s  a r e  t h e  f o l l o w i n g .
2 . 4 . 1  G e n e r a l  E v a l u a t i o n  T e s t
T he  g e n e r a l  e v a l u a t i o n  t e s t  i n c l u d e s  a s e r i e s  o f  t e s t s  
d e s i g n e d  t o g i v e  good i n d i c a t i o n s  o f  t h e  mor e  i m p o r t a n t  
p h y s i c a l  p r o p e r t i e s  o f  t h e  k a o l i n .  The  t e s t s  can a l s o  be  
c o n s i d e r e d  as a s c r e e n i n g  t e s t ,  e s p e c i a l l y  f o r  c o a t i n g s ,  
f i l l e r s ,  and e x t e n d e r s .
The  s e r i e s  of  t e s t s  i n c l u d e  m i n e r a l o g y ,  g r i t  or  s c r e e n  
r e s i d u e ,  p a r t i c l e  s i z e  d i s t r i b u t i o n ,  b r i g h t n e s s ,  v i s c o s i t y ,  
and pH.
M i n e r a l o g y .  The  m i n e r a l  c o n t e n t  o f  a k a o l i n  i s  v e r y  
i m p o r t a n t  i n a s s e s s i n g  t h e  a p p l i c a t i o n s ,  f o r  d e t e r m i n i n g  t h e  
p h y s i c a l  p r o p e r t i e s ,  and a l s o  f o r  d e t e r m i n i n g  t h e  
b e n e f i c i a t i o n  p r o c e s s  t h a t  may be ne e d e d  to p r o d u c e  a 
s a l e a b l e  p r o d u c t .  T he  p r e s e n c e  of  q u a r t z ,  c r i s t o b a I i t e , 
a l u n i t e ,  s m e c t i t e ,  i l l i t e ,  m u s c o v i t e ,  b i o t i t e ,  c h l o r i t e  
g i b b s i t e ,  f e l d s p a r ,  a n a s t a s e ,  p y r i t e ,  o r  h a l l o y s i t e  w i l l  
a f f e c t  t h e  b e n e f i c i a t i o n  p r o c e s s  and t h e  p o s s i b l e  us es  o f  
t h e  k a o l i n ;  t h e  p r e s e n c e  o f  s m e c t i t e  a n d / o r  a l u n i t e  in 
k a o l i n  c a u s e s  h i g h  v i s c o s i t y ;  h a l l o y s i t e  c a u s e s  h i g h  
v i s c o s i t y  and l o w e r s  t h e  o p a c i t y  or  h i d i n g  po we r ;  q u a r t z  
a n d / o r  c r i s t o b a l i t e  i n t h e  f i n e r  p a r t i c l e  s i z e  g i v e  h i g h
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a b r a s i o n  v a l u e s .  X - r a y  d i f f r a c t i o n  t e c h n i q u e s  a r e  m o s t l y  
used f o r  t h e s e  a n a l y s e s ,  a l t h o u g h  in many i n s t a n c e s  m i n o r  
q u a n t i t i e s  o f  s m e c t i t e ,  i i l i t e ,  and h a l l o y s i t e  w i l l  n o t  be 
d e t e c t e d .  S c a n n i n g  e l e c t r o n  m i c r o g r a p h s  a n d / o r  d i f f e r e n t i a l  
t h e r m a l  g r a v i m e t r i c  a n a l y s i s  i s  used t o  d e t e c t  e i t h e r  
h y d r a t e d  h a l l o y s i t e ,  a l u n i t e ,  g i b b s i t e ,  or  s m e c t i t e .
S c r e e n  R e s i d u e  o r  G r i t .  T h i s  t e s t  g i v e s  t h e  p e r c e n t a g e  
o f  m a t e r i a l s  t h a t  a r e  r e t a i n e d  on a 325  mesh s c r e e n  ( 4 4  
m i c r o n s  o p e n i n g s ) .  M a t e r i a l  h e l d  on t h e  s c r e e n  i s  r e g a r d e d  
as g r i t  o r  r e s i d u e .  Q u a r t z ,  m i c a ,  f e l d s p a r ,  and 
c o n g l o m e r a t e s  o f  t i g h t l y  bonded c l a y  a r e  t h e  most  common.
The  p e r c e n t a g e  o f  s c r e e n  r e s i d u e  i s  i m p o r t a n t  i n d e t e r m i n i n g  
t h e  p e r c e n t a g e  r e c o v e r y  o f  mi n u s  44 m i c r o n  m a t e r i a l .  I t  i s  
t h i s  p e r c e n t a g e  t h a t  i s  most  i m p o r t a n t  in e i t h e r  we t  o r  d r y  
p r o c e s s i n g  p l a n t s .  A good r u l e  o f  thumb i s  t h a t  as much as  
5% g r i t  can be h a n d l e d  e a s i l y  u s i n g  a i r  f l o t a t i o n  
t e c h n i q u e s .  A much h i g h e r  p e r c e n t a g e  can be h a n d l e d  u s i n g  
w e t  b e n e f i c i a t i o n  m e t h o d s ,  bu t  t h e  h i g h e r  t h e  g r i t  
p e r c e n t a g e ,  t h e  l o w e r  t h e  r e c o v e r y  o f  t h e  c l a y  and t h e  
h i g h e r  t h e  c o s t .  A l t h o u g h  t h e r e  i s  i n g e n e r a l  an u p p e r  
l i m i t  o f  a b o u t  15% g r i t ,  h i g h e r  g r i t  p e r c e n t a g e s  a r e  
t o l e r a t e d  f o r  k a o l i n  o f  u n u s u a l l y  h i g h  q u a l i t y .  The  t e s t  
p r o c e d u r e  i s  d e s c r i b e d  as me t hod  T G 8 1 -  S U - 7 1 ,  a s t a n d a r d  
p r o c e d u r e  p u b l i s h e d  by t h e  T e c h n i c a l  A s s o c i a t i o n  f o r  P u I p
T - 3 9 8 0
and P a p e r  I n d u s t r y ,  T A P P I .
P a r t i c l e  S i z e  D i s t r i b u t i o n .  P a r t i c l e  s i z e  d i s t r i b u t i o n  
i s  one  o f  t h e  mor e  i m p o r t a n t  p h y s i c a l  p r o p e r t i e s  o f  k a o l i n .  
I t  a f f e c t s  v i s c o s i t y ,  b r i g h t n e s s ,  o p a c i t y ,  g l o s s ,  c e r a m i c  
s t r e n g t h s ,  s h r i n k a g e ,  and many o t h e r  p r o p e r t i e s .  
S e d i m e n t a t i o n  m e t h o d s ,  ba sed  upon S t r o k e ’ s l aw a r e  u t i l i z e d  
f o r  m e a s u r i n g  p a r t i c l e  s i z e .  The  r e s u l t s  a r e  e x p r e s s e d  in  
t e r ms  o f  " e q u i v a l e n t  s p h e r i c a l  d i a m e t e r  ( E S D ) .  P r o c e d u r e s  
l i m i t e d  g r a v i t a t i o n a l  s e d i m e n t a t i o n  a r e  i n a c c u r a t e  f o r  
k a o l i n  p a r t i c l e s  f i n e r  t h a n  1 m i c r o n  in E . S . D .  C e n t r i f u g a l  
p r o c e d u r e s  a r e  used to d e t e r m i n e  t h e  s i z e s  b e l o w  t h e  1 
m i c r o n  E . S . D .  S t a n d a r d  me t hod  T 6 4 9 - S U - 6 8  o f  TAPPI  i s  t h e  
s u g g e s t e d  me t hod  f o r  d e t e r m i n i n g  t h e  p a r t i c l e  s i z e  
d i s t r i b u t i o n  o f  k a o l i n .
B r i g h t n e s s .  The  b r i g h t n e s s  o f  k a o l i n  i s  a most  
i m p o r t a n t  p h y s i c a l  p r o p e r t y  b e c a u s e  i t  d e t e r m i n e s  p o t e n t i a l  
us e s  and t h e  v a l u e  o f  t h e  p r o d u c t .  I n g e n e r a l  t h e  h i g h e r  
t h e  b r i g h t n e s s  o f  t h e  k a o l i n ,  t h e  mor e  v a l u a b l e  i t  i s .
TAPPI  t e s t  me t hod  T 6 4 6  " B r i g h t n e s s  o f  C l a y  & o t h e r  M i n e r a l  
P i g m e n t s "  i s  based  upon t h e  use  of  GE b r i g h t n e s s  t e s t e r  or  
s i m i l a r  u n i t .  TAPPI  t e s t  me t hod  T 5 3 4  uses  t h e  E l r e p h o  
b r i g h t n e s s  m e t e r  w h i c h  g i v e s  a d i f f u s e  b l u e  r e f l e c t a n c e  
v a l u e .  The  I n s t i t u t e  o f  P a p e r  C h e m i s t r y ,  i n c o o p e r a t i o n
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w i t h  G e n e r a l  E l e c t r i c  C o . ,  d e v e l o p e d  a b r i g h t n e s s  t e s t e r  
t h a t  has p r o v e d  to be v e r y  s a t i s f a c t o r y .
V i s c o s i t y .  TAPPI  t e s t  me t hod  T 6 4 8 - S U - 7 2  " V i s c o s i t y  o f  
C o a t i n g  C l a y  S l u r r y  " d e s c r i b e s  t h e  a p p a r a t u s ,  c a l i b r a t i o n ,  
r e a g e n t s  and m a t e r i a l s ,  s a m p l i n g  and t e s t  s p e c i m e n s ,  
c a l c u l a t i o n ,  how t o r e p o r t  r e s u l t s ,  and t h e  p r e c i s i o n  o f  t h e  
t e s t  and a d d i t i o n a l  i n f o r m a t i o n .  V i s c o s i t y  i s  an i m p o r t a n t  
p r o p e r t y  and i s  used as a c o n t r o l  b o t h  i n m i n i n g  and 
b e n e f i c i a t i o n  of  t h e  k a o l i n .  K a o l i n  i s  used in s l u r r y  f o r m  
i n many a p p l i c a t i o n  and p a r t i c u l a r l y  in two o f  t h e  l a r g e s t  
u s e r  i n d u s t r i e s ,  p a p e r  and p a i n t .  M e a s u r e m e n t s  o f  v i s c o s i t y  
of  t h e  k a o l i n - w a t e r  s l u r r i e s  a r e  made a t  p r e c i s e  s o l i d s  
l e v e l ,  n o r m a l l y  67% f o r  d e l a m i n a t e d  c l a y s  and e i t h e r  70% or  
71% s o l i d s  f o r  r e g u l a r  c l a y s .
pH.  The  pH o f  u n t r e a t e d  k a o l i n  s l u r r i e s  n o r m a l l y  
r a n g e s  f r o m 4 . 0  to 7 . 0 .  A h i g h  pH g e n e r a l l y  i n d i c a t e s  t h e  
p r e s e n c e  o f  s o l u b l e  s a l t s  w h i c h ,  i f  n o t  r e move d ,  can c a u s e  
s e v e r e  p r o b l e m s  i n many a p p l i c a t i o n s .  TAPPI  o f f i c i a l  me t hod  
T 6 6 7 - S U - 7 5  e n t i t l e d  "pH o f  F i l l e r  and P i g me n t  S l u r r i e s "  
d e s c r i b e s  t h e  d e t e r m i n a t i o n  o f  t h e  h y d r o g e n  c o n c e n t r a t i o n  
( p H )  o f  c l a y ,  p i g m e n t ,  and f i l l e r  s l u r r i e s .
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2 . 4 . 2  E v a l u a t i o n  T e s t s  f o r  Use  i n P a p e r
K a o l i n  used i n p a p e r  m a n u f a c t u r e  s e r v e s  two i m p o r t a n t  
f u n c t i o n s  as f i l l e r  and c o a t i n g  p i g m e n t s .  The  o b j e c t i v e  of  
i n c o r p o r a t i n g  any m i n e r a l  i n p a p e r  i s  t w o f o l d :  to r e d u c e  
m a n u f a c t u r i n g  c o s t s  and t o  i mp r o v e  p a p e r  q u a l i t y ,  b o t h  
p h y s i c a l l y  and a e s t h e t i c a l l y .  K a o l i n ’ s p r i n c i p a l  f u n c t i o n  
as a f i l l e r  i s  t o  r e d u c e  p a p e r  c o s t s  by o c c u p y i n g  t h e  
i n t e r s t i c e s  b e t w e e n  t h e  c e l l u l o s e  f i b r e s ,  and s u b s t i t u t i n g  
f o r  t h e  mor e  e x p e n s i v e  p u l p .  In a d d i t i o n  t o  r e d u c i n g  
f u r n i s h  c o s t s  by r e p l a c e m e n t ,  k a o l i n  u t i l i z e d  as a f i l l e r  
e n h a n c e s  o p a c i t y  and w i t h  s u p e r c a l e n d e r e d  p a p e r s ,  i m p r o v i n g  
t h e  o v e r a l l  f i n i s h  and p r i n t i n g  p r o p e r t i e s  o f  t h e  p a p e r .  In 
p a p e r  c o a t i n g ,  w h i c h  e x a c t s  some of  t h e  h i g h e s t  demands in  
t e r m s  o f  p r o d u c t  q u a l i t y ,  t h e  p r i m a r y  f u n c t i o n  o f  k a o l i n  i s  
t q  endow t h e  p a p e r  w i t h  a t o p o g r a p h i c a l l y  smoot h  b r i g h t  
s u r f a c e ,  p o s s e s s i n g  good i n k  r e c e p t i v e  q u a l i t i e s  and good  
o p a c i t y .  The  c r i t e r i a  n o r m a l l y  demanded o f  a m i n e r a l  
f u n c t i o n i n g  as a c o a t i n g  p i g m e n t  or  f i l l e r  r e l a t e s  
p r i n c i p a l l y  t o  t h e  p h y s i c a l  p r o p e r t i e s  o f  t h e  m i n e r a l  
i t s e l f .  K a o l i n  f u l f i l s  most  o f  t h e s e  e x a c t i n g  
s pe c  i f i ca t i ons .
Many s p e c i a l  t e s t s  h a v e  been d e s i g n e d  t o e v a l u a t e  
k a o l i n  as a f i l l e r  c l a y  i n p a p e r  and as a c o a t i n g  c l a y  on
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t h e  p a p e r .  Some o f  t h e  mor e  i m p o r t a n t  t e s t s  a r e  t h e  
f o I  I owi  n g .
P e r c e n t a g e  R e c o v e r y  as C o a t i n g  C l a y s .  K a o l i n s  f o r  
p r o d u c i n g  a c o a t i n g  c l a y  a r e  o f  a f i n e n e s s  2  m i c r o n s  or  
l e s s .  C o a t i n g  c l a y s  f o r  p u b l i c a t i o n  g r a d e  p a p e r  c o n t a i n  80% 
o f  t h e  p a r t i c l e  f i n e r  t h a n  2 m i c r o n s .  P a p e r  i t e m s  such  as  
c o v e r  s t o c k ,  c a l e n d e r s ,  and company r e p o r t s ,  r e q u i r e  a 
c o a t i n g  c l a y  w i t h  92% or  mor e  o f  t h e  p a r t i c l e s  f i n e r  t h a n  
two m i c r o n s .  I t  i s  t h e r e f o r e  n e c e s s a r y  t o  make  
f r a c t i o n a t i o n  i n t h e  l a b o r a t o r y  and c a l c u l a t e  t h e  p e r c e n t a g e  
of  p a r t i c l e s  l e s s  t h a n  2 m i c r o n s  and l e s s  t h a n  0 . 5  m i c r o n s .  
S c r e e n i n g  and g r a v i t y  s e t t l i n g  a r e  g e n e r a l l y  used t o make  
t h e  s e p a r a t i  ons .
R h e o l o g y .  The  r h e o l o g y  o f  f l o w  p r o p e r t i e s  o f  c o a t i n g  
c l a y s  a r e  c o mp l e x  and e x e r t  a c o n t r o l l i n g  i n f l u e n c e  on t h e  
c o a t i n g  o p e r a t i o n .  F l u i d  d i s p e r s i o n s  a r e  p r e p a r e d  a t  a 
g i v e n  p e r c e n t a g e  o f  s o l i d s ,  and l ow s h e a r  an h i g h  s h e a r  
v i s c o s i t y  a r e  m e a s u r e d .  Low s h e a r  v i s c o s i t y  i s  u s u a l l y  30  
c e n t i p o s e  or  l e s s  a t  20 RPM u s i n g  a s t a n d a r d  B r o o k f i e l d  
v i s c o s i m e t e r , t h e  s t a n d a r d  u n i t  used  t o  m e a s u r e  l ow s h e a r  
v i s c o s i t y .  H i g h  s h e a r  v i s c o s i t y  i s  me a s u r e d  u s i n g  a 
H e r c u l e s  v i s c o s i m e t e r  ( M u r r a y ,  1 9 7 6 ) .  T h r e e  o f  t h e  mor e  
i m p o r t a n t  v a r i a b l e s  r e l a t e d  t o t h e  r h e o l o g y  o f  d i s p e r s e d  
c o n c e n t r a t e d  k a o l i n  s u s p e n s i o n s  a r e  s u r f a c e  a r e a ,  p a r t i c l e
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s i z e ,  and p a r t i c l e  p a c k i n g .  Low s h e a r  r h e o l o g y  seems t o be  
c o n t r o l l e d  p r i m a r i l y  by s u r f a c e  a r e a ,  w i t h  v i s c o s i t y  
i n c r e a s i n g  w i t h  d e c r e a s i n g  p a r t i c l e  s i z e .  H i g h  s h e a r  
r h e o l o g y  seems t o be c o n t r o l l e d  l a r g e l y  by p a r t i c l e  p a c k i n g .  
T h r e e  g e n e r a l  t y p e s  o f  v i s c o u s  f l o w  a r e  of  i n t e r e s t  t o t h o s e  
who use  k a o l i n s  i n t h e  p a p e r  i n d u s t r y ,  n e w t o n i a n ,  
t h i x o t r o p i c ,  and d i l a t a n t .  N e w t o n i a n  f l o w  o c c u r s  when t h e  
v i s c o s i t y  r e m a i n s  c o n s t a n t  as t h e  r a t e  o f  s h e a r  i s  i n c r e a s e d  
or  d e c r e a s e d ,  t h i x o t r o p y  o c c u r s  when t h e  v i s c o s i t y  d e c r e a s e s  
as t h e  r a t e  o f  s h e a r  i s  i n c r e a s e d ,  and d i l a t a n c y  o c c u r s  when  
t h e  v i s c o s i t y  i n c r e a s e s  r a p i d l y  as t h e  r a t e  of  s h e a r  
i n c r e a s e s .  H i g h  s o l i d s  d i l a t a n t  c l a y  s l u r r i e s  a r e  d i f f i c u l t  
t o  pump and s c r e e n .
T h e  c o a t i n g  p r o c e s s ,  i n c l u d i n g  t r a i l i n g  b l a d e ,  r o l l  
c o a t e r ,  a i r  k n i f e ,  t h e  c o a t i n g  c o l o r  f o r m u l a ,  t h e  t y p e  and 
amount  o f  a d h e s i v e ,  and t h e  p e r c e n t a g e  o f  s o l i d s  o f  t h e  
c o a t i n g  c o l o r  d e t e r m i n e s  t h e  h i g h  and l ow s h e a r  v i s c o s i t y  
v a l u e s  t h a t  can be t o l e r a t e d  f o r  t h e  k a o l i n  c o a t i n g  c l a y .
C o l o r  I m p r o v e m e n t .  Mos t  k a o l i n s  r e q u i r e  c o l o r  
b e n e f i c i a t i o n  t o  g e t  t h e  maxi mum b r i g h t n e s s  and w h i t e n e s s  
f r o m t h e  p r o d u c t .  The  most  common me t h o d  used t o i m p r o v e  
c o l o r  i s  t o  c h e m i c a l l y  l e a c h  t h e  s o l u b l e  i r o n  f r o m t h e  
k a o l i n .  H i g h  i n t e n s i t y  m a g n e t i c  s e p a r a t i o n  can r emove  t h e  
i r o n  and t i t a n i u m  m i n e r a l s .  F l o t a t i o n  ( u l t r a - f l o t a t i o n )
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a l s o  r emoves  I r o n  and t i t a n i u m  m i n e r a l s  and t h e  r e s u l t i n g  
p r o d u c t  i s  v e r y  w h i t e  and b r i g h t .
D f s p e r s a b i I i t y  and D i s i n t e g r a t i o n .  To o b t a i n  o p t i mum  
r e s u l t s  w i t h  a c o a t i n g  c l a y ,  t h e  k a o l i n  p a r t i c l e s  must  be
c o m p l e t e l y  d i s p e r s e d .  K a o l i n  i s  e a s i l y  d i s p e r s e d  b e c a u s e  of
i t s  h y d r o p h i l i c  s u r f a c e  c h a r a c t e r .  I n i t s  n a t u r a l  s t a t e ,  
k a o l i n  i s  a c i d  and i s  f l o c c u l a t e d .  The  most  e f f i c i e n t  and
e c o n o m i c a l  d i s p e r s i n g  a g e n t s  a r e  a l k a l i  p h o s p h a t e s ,
p o I y a c r y I  a t e s , and s i l i c a t e s .  T h e s e  a g e n t s  d e f l o c c u l a t e  t h e  
k a o l i n  to a c h i e v e  maxi mum f l u i d i t y .  D i s i n t e g r a t i o n  i s  a 
m e a s u r e  o f  t h e  p r e s e n c e  and amount  o f  c l a y  a g g l o m e r a t e s  i n a 
c o a t i n g  c l a y .  A g g r e g a t i o n  o f  c l a y  p a r t i c l e s  o c c u r s  d u r i n g  
p r o c e s s i n g  b e c a u s e  o f  c e m e n t a t i o n  or  s i n t e r i n g .  I t  i s  
d i f f i c u l t  t o  d i s i n t e g r a t e  t h e  p a r t i c l e s  d u r i n g  nor ma l  
makedown o f  t h e  c l a y .  The  d i s i n t e g r a t i o n  t e s t  c o n s i s t s  of  
t h e  a p p l i c a t i o n  o f  a c o n t r o l l e d  amount  o f  w o r k  w h i c h  i s  
s u f f i c i e n t  t o  d i s p e r s e  t h e  n o r ma l  k a o l i n  s l u r r y .  A f t e r  t h i s  
w o r k  i s  a p p l i e d  to t h e  k a o l i n  s l u r r y ,  t h e  s l i p  i s  p o u r e d  
i n t o  a 325  mesh s i e v e  and t h e  a g g l o m e r a t e  r e m a i n s  on t h e  
s i e v e  so t h a t  t h e  amount  can be d e t e r m i n e d .
S h e e t  P r o p e r t i e s .  S t a n d a r d  s h e e t s  o f  p a p e r  can be 
c o a t e d  w i t h  a c o a t i n g  c o l o r  c o n s i s t i n g  o f  k a o l i n  and a 
b i n d e r  u s i n g  a s t a n d a r d  p r o c e d u r e  as o u t l i n e d  by T A P P I . The  
c o a t e d  s h e e t  must  be c o n d i t i o n e d ,  c a l e n d e r e d ,  d r i e d ,  and
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h a v e  a known amount  of  c o a t i n g  on t h e  s u r f a c e .  Many  
p r o p e r t i e s  can be m e a s u r e d  and c o mp a r e d ,  such as b r i g h t n e s s ,  
w h i t e n e s s ,  o p a c i t y ,  g l o s s ,  s m o o t h n e s s ,  i n k  r e c e p t i v i t y ,  and 
f i l m  s t r e n g t h .
B r i g h t n e s s  and w h i t e n e s s  o f  k a o l i n  c o a t i n g s  a r e  
c o n t r o l l e d  p r i m a r i l y  by t h e  p r e s e n c e  o f  i r o n  and t i t a n i u m -  
b e a r i n g  m i n e r a l s ,  and s e c o n d a r i l y  by t h e  c o a t i n g  s t r u c t u r e ,  
w e i g h t ,  p a r t i c l e  s i z e  d i s t r i b u t i o n ,  and p a r t i c l e  s h a p e .
O p a c i t y  of  k a o l i n  c o a t i n g s  i s  s t r o n g l y  i n f l u e n c e d  by 
p a r t i c l e  p a c k i n g  w h i c h  i n  t u r n  i s  l a r g e l y  d e p e n d e n t  upon t h e  
s i z e  and s h a p e  o f  t h e  p a r t i c l e s  and t h e  d i s t r i b u t i o n  of  t h e  
p a r t i c l e  s i z e s .  O p a c i t y  i s  a l s o  s t r o n g l y  a f f e c t e d  by t h e  
make up o f  t h e  c o a t i n g  c o l o r ,  t h e  c o a t i n g  p r o c e s s ,  and 
c a l e n d e r i n g .  The  p r e s e n c e  o f  u l t r a f i n e  p a r t i c l e s  i n t h e  
r a n g e  o f  0 . 1  m i c r o n  o r  l e s s  can c a u s e  a s e r i o u s  d e c r e a s e  in 
o p a c i t y .  Opt i mum o p a c i t y  i s  d e v e l o p e d  when most  o f  t h e  
p a r t i c l e s  a r e  b e t w e e n  0 . 3  and 1 . 5  m i c r o n s .  I n c r e a s i n g  t h e  
amount  o f  a d h e s i v e  i n  t h e  c o a t i n g  r e d u c e s  t h e  o p a c i t y  and 
i n c r e a s e s  t h e  c a l e n d e r i n g  p r e s s u r e ;  i n b o t h  c a s e s  t h e  
a d h e s i v e  r e p l a c e s  t h e  a i r ,  c o n s e q u e n t l y  r e d u c i n g  t h e  
p r o p o r t i o n  o f  a i r .
G l o s s  and s mo o t h n e s s  do n o t  n e c e s s a r i l y  c o r r e l a t e .
G l o s s  i s  c o n t r o l l e d  by v a r i a b l e s  i n a d d i t i o n  to t h o s e  t h a t  
c o n t r o l  s mo o t h n e s s  and i s  a f f e c t e d  by t h e  p r e s e n c e  of
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a b u n d a n t  u l t r a f i n e  p a r t i c l e s ,  as i s  o p a c i t y .  Smo o t h n e s s  
h o w e v e r ,  i s  n o t  n e c e s s a r i l y  a f f e c t e d  by u l t r a f i n e  p a r t i c l e s  
b e c a u s e  i t  i s  n o t  d e p e n d e n t  on o p t i c a l  phenome na .  F i n e ,  
t h i n ,  and s m a l l  d i a m e t e r  p a r t i c l e s  a r e  n e c e s s a r y  f o r  t h e  
u l t i m a t e  d e v e l o p m e n t  o f  s m o o t h n e s s .
Maxi mum f i l m  s t r e n g t h  i s  a t t a i n e d  w i t h  we I I - o r i e n t e d  
d e n s e  f i l m s ,  w h i c h  i m p l y  h i g h l y  bonded s u r f a c e  a r e a s .  F i l m  
s t r e n g t h  must  be r e g a r d e d  as a p a r t  of  t h e  w h o l e  s h e e t  
b e c a u s e  i t  i s  i m p r a c t i c a l  t o  d r a w  a s h a r p  l i n e  of  
d i s t i n c t i o n  b e t w e e n  t h e  c o a t i n g  and t h e  b a s e  s t o c k .  A w e l l  
d i s p e r s e d  c o a t i n g  c l a y  o f  f i n e  p a r t i c l e  s i z e  w i t h  a low 
r e l a t i v e  s e d i m e n t  v o l u m e  w i l l  g i v e  t h e  h i g h e s t  f i l m  
s t r e n g t  h .
K a o l i n s  g e n e r a l l y  a r e  c o n s i d e r e d  t o  h a v e  l ow i nk  
a b s o r p t i o n  w i t h  s u b s t a n t i a l  d i f f e r e n c e s  e x i s t i n g  b e t w e e n  i nk  
r e c e p t i v i t y  o f  c o a t i n g s  made f r o m d i f f e r e n t  g r a d e s  of  
k a o l i n s .  The  d i f f e r e n c e s  a r e  r e l a t e d  t o f i l m  p e r m e a b i I  i t y , 
i n f l u e n c e d  by v o i d  v o l u m e .  Sma l l  p a r t i c l e s  r a n d o m l y  
o r i e n t e d  g i v e  e x c e l l e n t  i n k  r e c e p t i v i t y .  The  p r e s e n c e  of  
s m a l l  a mount s  o f  s m e c t i t e ,  b e c a u s e  o f  i t s  h i g h  s u r f a c e  a r e a  
and s t r o n g  s o r p t i v e  c a p a c i t y , p r o m o t e s  i n k  r e c e p t i v i t y  and 
i n h i b i t s  i n k  h o i d o u t .
A d h e s i v e  Demand.  A d h e s i v e  r e l a t i o n s h i p  i s  a n o t h e r  
s t a n d a r d  t e s t  o f  t h e  T A P P I . An a d h e s i v e  such  as s t a r c h  or
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l a t e x  b i n d s  t h e  k a o l i n  p a r t i c l e s  t o g e t h e r  and t o t h e  s h e e t  
o f  p a p e r .  A d h e s i v e  r e q u i r e m e n t s  a r e  d i r e c t l y  r e l a t e d  t o t h e  
s u r f a c e  a r e a  o f  t h e  k a o l i n .  A h i g h  s u r f a c e  a r e a  or  f i n e  
p a r t i c l e s  o f  k a o l i n  w i l l  r e q u i r e  mor e  b i n d e r  t h a n  c o a r s e  
p a r t i c l e s .  C o m p a r a t i v e l y  s p e a k i n g ,  c l a y s  a r e  c h a r a c t e r i z e d  
by a l ow a d h e s i v e  demand r a n g i n g  b e t w e e n  10% and 18%.  The  
amount  of  a d h e s i v e  i n t h e  c o a t i n g  a f f e c t s  o p a c i t y ,  
b r i g h t n e s s ,  c o l o r ,  s m o o t h n e s s ,  and s t r e n g t h .  Too much 
a d h e s i v e  w i l l  i n h i b i t  i n k  r e c e p t i v i t y .  Me a s u r e m e n t  o f  t h e  
o p t i mu m amount  o f  a d h e s i v e  i s  a l s o  n e c e s s a r y  t o g e t  a c o a t e d  
s u r f a c e  t h a t  w i l l  n o t  s e p a r a t e  or  p u l l  away f r o m t h e  p a p e r  
s h e e t  d u r i n g  p r i n t i n g  a c t i v i t i e s  u s i n g  t a c k y  i n k s .
A b r a s i o n .  T he  h a r d n e s s  o f  p a r t i c l e s  o t h e r  t h a n  k a o l i n  
i n t h e  c l a y  can be a v e r y  i m p o r t a n t  p a r a m e t e r  b e c a u s e  of  
m a r k i n g  on t h e  s h e e t ,  w e a r  on t h e  c o a t i n g  a p p l i c a t i o n  and on 
t h e  t y p e  f o n t s  used i n p r i n t i n g .  A s t a n d a r d  t e s t  c a l l e d  t h e  
V a l l e y  A b r a s i o n  T e s t  i s  a v a i l a b l e  f r o m t h e  T A P P I .
Bundy ,  J o h n s ,  and M u r r a y  ( 1 9 6 5 )  c o r r e l a t e d  t h e  p h y s i c a l  
and c h e m i c a l  p r o p e r t i e s  o f  k a o l i n i t e  w i t h  p a p e r  c o a t i n g  
q u a l i t y .  T h e y  show t h a t  t h e r e  i s  a h i g h  d e g r e e  of  
i n t e r d e p e n d e n c y  o f  v a r i a b l e s  d e p e n d i n g  upon t h e  
c r y s t a l  I i n i  t y and p a r t i c l e  s i z e  o f  t h e  k a o l i n .  The  o p t i c a l  
p r o p e r t i e s  o f  c o a t i n g s  seem t o  be r e l a t e d  t o  c o a t i n g  
s t r u c t u r e ,  p a r t i c u l a r l y  t o t h e  v o i d  v o l u me  i n t h e  c o a t i n g
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l a y e r .  T h e y  a l s o  p o i n t  o u t  t h a t  t h e  p r o p e r t i e s  o f  k a o l i n i t e  
t h a t  g i v e  r i s e  t o good o p t i c a l  c h a r a c t e r s  and i n k  g l o s s  
h o l d o u t s  g e n e r a l l y  a r e  d i a m e t r i c a l l y  oppos e d  t o p r o p e r t i e s  
w h i c h  t e nd  to p r o m o t e  good r h e o l o g y ,  f i l m  s t r e n g t h ,  and i nk  
p e n e t  r a t i o n .
2 . 4 . 3  E v a l u a t i o n  T e s t s  f o r  C e r a m i c s
The  c e r a m i c s  i n d u s t r y  i s  a l a r g e  u s e r  o f  k a o l i n  in 
w h i t e w a r e s  ( p o r c e l a i n ) ,  s a n i t a r y  w a r e ,  r e f r a c t o r i e s , and 
i n s u l a t o r s .  A l t h o u g h  i t  i s  g e n e r a l l y  c l a i m e d  t h a t  t h e  p a p e r  
i n d u s t r y  p l a c e s  t h e  h i g h e s t  demands ,  in t e r m o f  q u a l i t y ,  on 
t h e  k a o l i n  i n d u s t r y ,  t h e  s p e c i f i c a t i o n  demanded by p o r c e l a i n  
and some o t h e r  p a r t s  o f  t h e  c e r a m i c  i n d u s t r y  a r e  i n f a c t ,  
f a r  mor e  r i g o r o u s .  Wh e r e a s  t h e  p a p e r  i n d u s t r y  i s  
p a r t i c u l a r l y  c o n c e r n e d  w i t h  t h e  p h y s i c a l  p a r a m e t e r s  of  
k a o l i n ,  t h e  w h i t e w a r e  s i d e  o f  t h e  c e r a m i c s  i n d u s t r y  i s  a l s o  
i n f l u e n c e d  by t h e  c h e m i c a l  c h a r a c t e r i s t i c s  o f  t h e  k a o l i n s .
As i n t h e  c a s e  o f  p a p e r  g r a d e  k a o l i n s ,  p h y s i c a l  p a r a m e t e r s  
a r e  c r i t i c a l  t o t h e  c l a y ,  b e f o r e  and d u r i n g  f i r i n g .  S e v e r a l  
t e s t s  a r e  used t o  e v a l u a t e  k a o l i n s  f o r  t h e  us e  i n c e r a m i c s .  
T h e y  i n c l u d e ,  among o t h e r s ,  p l a s t i c i t y ,  s h r i n k a g e ,  mo d u l u s  
o f  r u p t u r e  ( MOR) ,  a b s o r p t i o n ,  P y r o m e t r i c  Cone E q u i v a l e n t  
( P C E ) ,  f i r e d  c o l o r ,  c a s t i n g  r a t e ,  and c h e m i c a l  a n a l y s i s .
P l a s t i c i t y .  P l a s t i c i t y  o r  w o r k a b i l i t y  i s  an i m p o r t a n t
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p r o p e r t y  and i s  a m e a s u r e  of  t h e  e a s e  w i t h  w h i c h  a body can  
be f o r me d  i n t o  v a r i o u s  s h a p e s .  P l a s t i c i t y  can be me a s u r e d  
u s i n g  c o m p r e s s i o n  a n d / o r  t e n s i o n  t e s t s  w h i c h  m e a s u r e  t h e  
r e s i s t a n c e  to d e f o r m a t i o n  and t h e  amount  o f  d e f o r m a t i o n  
b e f o r e  c r a c k i n g .  T he  s i m p l e s t  a n a l y s i s  of  p l a s t i c  f l o w  may 
be made f r o m a s t r e s s  s t r a i n  d i a g r a m .  S e v e r a l  t e s t s  ha ve  
been d e s i g n e d  t o  m e a s u r e  p l a s t i c i t y  ( N o r t o n ,  1 9 7 0 ,  p.  1 3 4 ) .
S h r i n k a g e .  C e r a m i c  a r t i c l e s  u n d e r g o  d r y i n g  and f i r i n g  
s h r i n k a g e  d u r i n g  t h e  m a n u f a c t u r i n g  s e q u e n c e .  L i n e a r  
s h r i n k a g e ,  i . e . ,  t h e  amount  by w h i c h  e a c h  d i m e n s i o n  c h a n g e s ,  
i s  mor e  commonl y  r e p o r t e d  t h a n  v o l u me  s h r i n k a g e .  The  
s i m p l e s t  way t o d e t e r m i n e  l i n e a r  s h r i n k a g e  i s  to make a 
m e a s u r e me n t  o f  t h e  d i m e n s i o n s  b e f o r e  and a f t e r  t h e  s h r i n k a g e  
o c c u r s .  S t a n d a r d  s i z e  b a r s  can be made up and d r i e d  and 
f i r e d  t o d e t e r m i n e  t h e  l i n e a r  s h r i n k a g e .
M o d u l u s  o f  R u p t u r e .  The  mo d u l u s  o f  r u p t u r e  (MOR) i s  
t h e  f r a c t u r e  s t r e n g t h  o f  a m a t e r i a l  u n d e r  a b e n d i n g  l o a d .
The  d e t e r m i n a t i o n  o f  t h e  MOR i s  a s i m p l e  m e a s u r e me n t  and i s  
a s t a n d a r d  q u a l i t y  c o n t r o l  t e s t .  The  MOR m e a s u r e me n t  i s  
made on a l ong  b a r  o f  e i t h e r  r e c t a n g u l a r  or  c i r c u l a r  c r o s s  
s e c t i o n ,  s u p p o r t e d  n e a r  i t s  e n d s ,  w i t h  a l o a d  a p p l i e d  t o  t h e  
c e n t r a l  p o r t i o n  o f  t h e  s u p p o r t e d  s p a n .  The  A m e r i c a n  S o c i e t y  
of  T e s t i n g  M a t e r i a l s  has s t a n d a r d  me t h o d s  f o r  t e s t i n g  t h e  
MOR o f  v a r i o u s  c e r a m i c  m a t e r i a l s .
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A b s o r p t i o n .  A b s o r p t i o n  i s  a m e a s u r e  o f  t h e  p o r o s i t y  
and i s  u s u a l l y  a v e r y  c a r e f u l l y  c o n t r o l l e d  p r o p e r t y .  The  
g r e a t e r  t h e  p o r o s i t y ,  t h e  mor e  l i k e l y  w i l l  be t h e  
p e n e t r a t i o n  o f  l i q u i d s  and v a p o r s  w h i c h  may c a u s e  s t r u c t u r a l  
damage .  T he  A m e r i c a n  S o c i e t y  of  T e s t i n g  m a t e r i a l s  has  
p u b l i s h e d  a s e t  o f  s t a n d a r d  t e s t  me t h o d s  f o r  p o r o s i t y  and 
a b s o r p t i o n  o f  c e r a m i c s .
PCE.  P y r o m e t r i c  c one  e q u i v a l e n t  ( PCE)  i s  a m e a s u r e  of  
t h e  c o mb i n e d  e f f e c t s  o f  t e m p e r a t u r e  p l u s  t i m e  d u r i n g  t h e  
f i r i n g  o p e r a t i o n .  A s t a n d a r d  s e r i e s  o f  p y r o m e t r i c  c o nes  a r e  
f o r m u l a t e d  t o p r o v i d e  end p o i n t s  c o r r e s p o n d i n g  to  
r e p r o d u c i b l e  a mo u n t s  o f  h e a t  w o r k .  P y r o m e t r i c  c o n e s  a r e  
used to s e t  t h e  v i t r i f i c a t i o n  p o i n t  of  c l a y s .  The  c l a y  
m a t e r i a l  i s  mo l d e d  i n t o  t h e  s t a n d a r d  c one  s h a p e  and i s  
h e a t e d  a l o n g  w i t h  a number  o f  s t a n d a r d  c o n e s  so t h a t  i t s  end 
p o i n t  can be d e t e r m i n e d  in t e r ms  o f  an e q u i v a l e n t  cone  
n u mb e r .  T h i s  number  i s  known as t h e  p y r o m e t r i c  cone  
e q u i v a l e n t  o f  t h a t  p a r t i c u l a r  c l a y  (ASTM me t h o d  C 2 4 - 5 6 ) .
F i r e d  C o l o r .  F i r e d  c o l o r  i s  a s i m p l e  t e s t  i n t h a t  a 
s m a l l  b a r  o r  a p l a q u e  can be made up and f i r e d  so t h a t  t h e  
f i r e d  c o l o r  can be d e t e r m i n e d .
C a s t i n g  R a t e .  The  c a s t i n g  r a t e  can v a r y  o v e r  a w i d e  
r a n g e  d e p e n d i n g  on t h e  s l i p  c o m p o s i t i o n  and t h e  w e t n e s s  and 
age  o f  t h e  m o l d .  A r e a s o n a b l y  f a s t - c a s t i n g  r a t e  i s
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d e s i r a b l e  t o p e r m i t  a f a s t e r  mol d  t u r n o v e r .  T he  v i s c o s i t y  
and t h i x o t r o p y  o f  t h e  s l i p  a r e  most  i m p o r t a n t  i n d e t e r m i n i n g  
c a s t i n g  r a t e .
C h e m i c a l  A n a l y s i s .  C h e m i c a l  a n a l y s i s  o f  c l a y s  i s  
s o m e t i m e s  i m p o r t a n t  to know,  p a r t i c u l a r l y  f o r  i r o n ,  a l k a l i s ,  
a l k a l i n e  e a r t h  e l e m e n t s ,  and a l u mi n u m and s i l i c o n  c o n t e n t .  
Many c e r a m i c  p r o p e r t i e s  can be r e l a t e d  t o t h e  c h e m i c a l  
a n a l y s i s  such  as r e f r a c t o r i n e s s ,  c a s t i n g  r a t e ,  and f i r e d  
c o l o r .
2 . 4 . 4  R u b b e r  T e s t s
K a o l i n  i s  used in r u b b e r  b e c a u s e  o f  i t s  r e i n f o r c i n g  and 
s t i f f e n i n g  p r o p e r t i e s  and b e c a u s e  o f  i t s  l ow c o s t .  F i n e  
p a r t i c l e  s i z e  k a o l i n s  g i v e  good r e s i s t a n c e  t o  a b r a s i o n  and 
a r e  used e x t e n s i v e l y  i n n o n b l a c k  r u b b e r  g o o d s .  The  k a o l i n s  
t h a t  a r e  used  in r u b b e r  c o n t a i n  a maxi mum of  1 % f r e e  
m o i s t u r e .  O t h e r  t e s t s  t h a t  a r e  i m p o r t a n t  i n  e v a l u a t i n g  
k a o l i n s  f o r  us e  in r u b b e r  a r e  w a t e r  s e t t l i n g  
c h a r a c t e r i s t i c s ,  o i l  a b s o r p t i o n ,  s t r e s s - s t r a i n , t e a r  
r e s i s t a n c e ,  a b r a s i o n  r e s i s t a n c e ,  h e a t  g e n e r a t i o n ,  e n e r g y  
r e b o u n d ,  e x t r u s i o n  and p l a s t i c i t y ,  h a r d n e s s ,  a g i n g  
c h a r a c t e r i s t i c s ,  and w a t e r  a b s o r p t i o n .  T h e s e  t e s t s  a r e  a i l  
d e s c r i b e d  i n d e t a i l  i n t h e  book K a o l i n  C l a y s  and T h e i r  
I n d u s t r i a l  Uses  p u b l i s h e d  by t h e  J . M .  Hu b e r  C o r p o r a t i o n  o f
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E d i s o n ,  New J e r s e y .  A i l  t h e s e  t e s t s  h a v e  a p a r t i c u l a r  v a l u e  
i n  r e l a t i o n  to c e r t a i n  c h a r a c t e r i s t i c s  i m p a r t e d  t o t h e  
r u b b e r  p r o d u c t .  F or  e x a m p l e ,  t h e  w a t e r  s e t t l i n g  t e s t  g i v e s  
a good i d e a  o f  t h e  r e i n f o r c i n g  c h a r a c t e r i s t i c s  o f  t h e  c l a y ,  
and t h e  o i l  a b s o r p t i o n  t e s t  a l s o  c o r r e l a t e s  w i t h  
r e i n f o r c e m e n t .  T he  o t h e r  t e s t s  a r e  r un on t h e  r u b b e r  i t s e l f  
a f t e r  f i l l i n g  w i t h  t h e  c l a y  and r e q u i r e  s p e c i a l i z e d  
equ i pmen t .
2 . 4 . 5  P a i n t  T e s t s
K a o l i n  c l a y s  a r e  used e x t e n s i v e l y  i n p a i n t s ,  
p a r t i c u l a r l y  i n w a t e r - b a s e d  p a i n t  s y s t e m s .  K a o l i n  i s  a 
f u n c t i o n a l  e x t e n d e d  p i g m e n t  t h a t  has good c o v e r i n g  or  h i d i n g  
p o w e r ,  i m p a r t s  d e s i r a b l e  f l o w  p r o p e r t i e s  to t h e  p a i n t ,  and 
i s  l ow i n c o s t .  S t a n d a r d  m o i s t u r e  and o i l  a b s o r p t i o n  t e s t s  
a r e  r un on a l l  p a i n t  c l a y s  a l o n g  w i t h  mor e  s p e c i a l i z e d  
t e s t s .  Low m o i s t u r e  of  l e s s  t h a n  1% i s  a r e q u i r e m e n t  f o r  
p a i n t  c l a y s ,  and o i l  a b s o r p t i o n  r e l a t e s  to a p a r a m e t e r  c a l l  
v e h i c l e  demand i n t h e  p a i n t .  T h e  t e s t  i n d i c a t e s  s u r f a c e  
a r e a  and a b s o r p t i o n  i n  t h e  p a i n t  s y s t e m .  O t h e r  t e s t s  t h a t  
a r e  r un on p a i n t  c l a y s  a r e  r e s i s t i v i t y ,  f i n e n e s s  o f  g r i n d ,  
and p e r f o r m a n c e  t e s t .
R e s i s t i v i t y .  T h i s  t e s t  i n d e x e s  o f  t h e  amount  of  
r e s i d u a l  s o l u b l e  s a l t s  i n t h e  c l a y .  The  h i g h e r  r e s i s t i v i t y
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v a l u e s  r e f l e c t  a l ow s o l u b l e  s a l t  c o n t e n t .  D e p e n d i n g  on t h e  
p a i n t  s y s t e m  a l l  c l a y s  t h a t  a r e  used h a v e  a r e s i s t i v i t y  
s p e c i f i c a t i o n  b e c a u s e  a h i g h  s o l u b l e  s a l t  c o n t e n t  a d v e r s e l y  
a f f e c t s  t h e  d i s p e r s i o n  o f  t h e  i n g r e d i e n t s  i n t h e  p a i n t  and 
a l t e r s  c e r t a i n  p h y s i c a l  p r o p e r t i e s .  The  t e s t s  r e q u i r e  a 
c o n d u c t i v i t y  b r i d g e  t o m e a s u r e  c o n d u c t i v i t y .
F i n e n e s s  o f  g r i n d .  T h i s  t e s t  m e a s u r e s  t h e  d i s p e r s i o n  
of  k a o l i n  and h i g h l i g h t s  t h e  f i n e n e s s  o f  t h e  p a r t i c l e s .  A 
common m e a s u r e me n t  d e v i c e  i s  t h e  Hegman ga uge  w h i c h  i s  used  
e x t e n s i v e l y  as a c o n t r o l  d e v i c e  to m e a s u r e  t h e  f i n e n e s s  o f  
t he k a o I i  n p r o d u c t .
2 . 4 . 6  P e r f o r m a n c e  t e s t s .
A c t u a l  p a i n t  f o r m u l a t i o n s  a r e  made up w i t h  a l l  t h e  
i n g r e d i e n t s  and many m e a s u r e m e n t s  such as g l o s s ,  c o l o r ,  
s m o o t h n e s s ,  f l o w  c h a r a c t e r i s t i c s ,  d i s p e r s i o n ,  s t a b i l i t y ,  
w e a t h e r i n g  c h a r a c t e r i s t i c s , a g i n g ,  and many o t h e r  p r o p e r t i e s  
a r e  d e t e r m i n e d .
2 . 4 . 7  M i s c e l l a n e o u s  T e s t s
K a o l i n s  a r e  used f o r  many i n d u s t r i a l  a p p l i c a t i o n s .
O t h e r  s p e c i f i c  t e s t s  may be r e q u i r e d .  T h e s e  w o u l d  i n c l u d e  
such  t e s t s  as b u l k  d e n s i t y ,  s u r f a c e  a r e a ,  v a r i o u s  s p e c i a l
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v i s c o s i t y  m e a s u r e m e n t s ,  c a t i o n  e x c h a n g e  c a p a c i t y ,  and many  
o t h e r s .  T h e s e  t e s t s  w o u l d  be p r e s c r i b e d  by t h e  u s e r .
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C h a p t e r  3 
KAOLI N DEPOSI TS
3 . 1  G e o l o g y  and M i n e r a l o g y
P r o b a b l y  t h e  most  w i d e l y  a c c e p t e d  d e f i n i t i o n  o f  k a o l i n  
i s  t h a t  as d e f i n e d  by Ross and K e r r  ( 1 9 3 1 ,  p . 1 5 4 ) :
By k a o l i n  i s  u n d e r s t o o d  t h e  r o c k  mass w h i c h  i s  
composed e s s e n t i a l l y  o f  a c l a y  m a t e r i a l  t h a t  i s  
l ow i n i r o n  and u s u a l l y  w h i t e  or  n e a r l y  w h i t e  i n  
c o l o r .  T he  k a o l i n  f o r m i n g  c l a y s  a r e  h y d r o u s  
a l u mi n u m s i l i c a t e s  o f  a p p r o x i m a t e l y  t h e  
c o m p o s i t i o n  2H 2 0 . A ( 2 0 3 . 2 S i 0 2 , and i t  i s  b e l i e v e d  
t h a t  o t h e r  b a s e s  i f  p r e s e n t  r e p r e s e n t  i m p u r i t i e s  
or  a b s o r b e d  m a t e r i a l s .  K a o l i n i t e  i s  t h e  m i n e r a l  
t h a t  c h a r a c t e r i z e s  most  k a o l i n s ,  bu t  i t  and t h e  
o t h e r  k a o l i n  m i n e r a l s  may a l s o  o c c u r  t o  a g r e a t e r  
or  l e s s e r  e x t e n t  i n c l a y s  and o t h e r  r o c k s  t h a t  a r e  
t oo  h e t e r o g e n e o u s  t o  be c a l l e d  k a o l i n .
K a o l i n i t e ,  t h e  m a j o r  m i n e r a l  c o n s t i t u e n t  i n k a o l i n ,  i s
d e r i v e d  f r o m t h e  a l t e r a t i o n  of  f e l d s p a r  and m i c a s  w h i c h  a r e
common m i n e r a l  c o n s t i t u e n t s  i n g r a n i t e s ,  g n e i s s e s  and o t h e r
a c i d i c  c r y s t a l l i n e  r o c k s .  The  a l t e r a t i o n  can be c a u s e d  by
h o t  h y d r o t h e r m a l  f l u i d s ,  o r  by r a i n  w a t e r  and g r o u n d  w a t e r
a c t i o n  u n d e r  n o r ma l  s u r f a c e  w e a t h e r i n g  c o n d i t i o n s ,  or  by a
c o m b i n a t i o n  o f  b o t h .  K a o l i n i t e  i s  a l w a y s  f i n e  g r a i n e d  and
n o r m a l l y  o c c u r s  as c r y s t a l s  r a n g i n g  in s i z e  f r o m a f r a c t i o n
o f  a m i c r o n  up t o  s e v e r a l  h u n d r e d  m i c r o n s  a c r o s s .
S t r u c t u r a l l y  k a o l i n i t e  c o n s i s t s  o f  a t e t r a h e d r a l  s h e e t
( S i 4 O 1 0 ) l i n k e d  t o an o c t a h e d r a l  s h e e t  ( AL^O^( OH) ^)  t o  f o r m
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a s i n g l e  l a y e r .  The  o v e r a l l  c o m p o s i t i o n  o f  k a o l i n i t e  i s  
S i 4 AI  4 O -1 q ( O H ) q , o r  e x p r e s s e d  as o x i d e s ,  i t  i s  S i 0 2 , 4 6 . 5 % ;  
A l 2 0 3 , 3 9 . 5 % ,  and H 2 0 ,  1 4 . 0 %.
G e n e r a l l y  s p e a k i n g ,  f i n e  g r a i n e d  k a o l i n i t e s  f or me d  
u n d e r  l ow t e m p e r a t u r e  d i a g e n e t i c  c o n d i t i o n s  t e nd  t o be 
d i s o r d e r e d ,  and k a o l i n i t e s  f o u n d  i n m a s s i v e  h y d r o t h e r m a l  
d e p o s i t s  t e nd  to be w e l l  o r d e r e d .  He nc e  t h e  p e r f e c t i o n  or  
d e g r e e  o f  o r d e r i n g  of  k a o l i n i t e  c r y s t a l s  r a n g e s  
c o n s i d e r a b l y .  The  p a r t i c l e  s i z e  d i s t r i b u t i o n  and p a r t i c l e  
s h a p e  a r e  two o f  t h e  most  i m p o r t a n t  c h a r a c t e r i s t i c s  w h i c h  
c o n t r o l  t h e  r h e o l o g i c a l  p r o p e r t i e s  o f  c l a y / w a t e r  m i x t u r e s ;  
i n t e r l a y i n g  o f  o t h e r  c l a y  m i n e r a l s  s uc h  as i I  I i t e  i n t h e  
k a o l i n i t e  c r y s t a l  can  a l s o  a f f e c t  t h e s e  p r o p e r t i e s .
The  c r y s t a l  s t r u c t u r e  i s  g e n e r a l l y  r e s i s t a n t  t o  a t t a c k  by 
most  c o r r o s i v e  f l u i d s ,  so t h a t  k a o l i n i t e  can be r e g a r d e d  as 
an i n e r t  w h i t e  powder  w h i c h  w i l l  n o t  r e a c t  w i t h  most  medi ums  
i n w h i c h  i t  i s  p l a c e d .  T h e  p r e s e n c e  o f  i r o n  e i t h e r  i n t h e  
k a o l i n i t e  l a t t i c e  o r  as an o x i d e  c o a t i n g  on t h e  k a o l i n i t e  i s  
a bad f e a t u r e ,  b e c a u s e  o f  i t s  n e g a t i v e  e f f e c t  on t h e  
b r i g h t n e s s  o f  t h e  k a o l i n s .
Most  k a o l i n s  c o n t a i n  a w i d e  v a r i e t y  o f  m i n e r a l  
i m p u r i t i e s .  K a o l i n s  c o n t a i n  f r o m 10% t o  95% k a o l i n i t e ,  t h e  
r e m a i n d e r  b e i n g  m a i n l y  q u a r t z ,  m u s c o v i t e ,  b i o t i t e ,  s m e c t i t e ,  
i l m e n i t e ,  a n a t a s e ,  r u t i l e ,  l e u c o x e n e ,  g o e t h i t e ,  t o u r m a l i n e ,
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k y a n i t e ,  g r a p h i t e ,  p o t a s h  and f e l d s p a r ,  and t r a c e s  of  
z i r c o n .
Many g e o l o g i s t s  and m i n e r a l o g i s t s  h a v e  s t u d i e d  numer ous  
k a o l i n  d e p o s i t s .  S t i l l ,  t h e r e  i s  some d i s a g r e e m e n t  a b o u t  
t h e  o r i g i n  and f o r m a t i o n  o f  some of  t h e  k a o l i n  d e p o s i t s ,  
i n c l u d i n g  t h o s e  i n t h e  e x t e n s i v e  b e l t  i n G e o r g i a  and S o u t h  
C a r o l i n a .  In many c a s e s  t h e r e  has been c o n s i d e r a b l e  d e b a t e  
o v e r  w h i c h  p r o c e s s  has o p e r a t e d  l e a d i n g  to t h e  c e r t a i n  t y p e  
of  d e p o s i t ,  and in r e c e n t  y e a r s  i t  has t u r n e d  ou t  t h a t  many  
d e p o s i t s  h a v e  o r i g i n a t e d  t h r o u g h  a c o m b i n a t i o n  o f  p r o c e s s e s  
( B r i s t o w ,  1 9 8 7 ) .
H a l l o y s i t e  i s  a v a r i e t y  o f  k a o l i n .  I t  i s  a 
p o r c e I  a i n I i k e  h a r d  c l a y  t h a t  d e h y d r a t e s  a t  o r  s l i g h t l y  a b o v e  
s u r f a c e  t e m p e r a t u r e s  t o a w h i t e  or  l i g h t  c o l o r e d  p o r o u s ,  
f r i a b l e ,  o r  a l m o s t  c o t t o n y - t e x t u r e d  m a t e r i a l  ( P a t t e r s o n  and 
M u r r a y ,  1 9 7 5 ) .  H a l l o y s i t e  o c c u r s  i n two f o r m s :  one has t h e  
c o m p o s i t i o n  ( O H ) 3  S i 4 AL. 4 O. iQ.  4 H20  and t h e  o t h e r  ( O H ) 3  
S i 4 A L . 4 O . j Q .  I t  i s  s i m i l a r  t o k a o l i n i t e  i n c o m p o s i t i o n  and 
m i n e r a l  s t r u c t u r e ,  bu t  t h e  h y d r a t e d  f o r m has a c - a x i s  
s p a c i n g  g r e a t e r  t h a n  t h a t  o f  k a o l i n i t e .
B a l l  c l a y ,  a l s o  a v a r i e t y  o f  k a o l i n ,  i s  c h a r a c t e r i z e d  
by t h e  p r e s e n c e  o f  o r g a n i c  m a t t e r ,  h i g h  p l a s t i c i t y ,  h i g h  d r y  
s t r e n g t h ,  l ong  v i t r i f i c a t i o n  r a n g e ,  and a l i g h t  c o l o r  when  
f i r e d .  The  p r i n c i p a l  c o n s t i t u e n t  o f  b a l l  c l a y  i s  k a o l i n i t e
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and makes  up t o  mor e  t h a n  70% of  t h i s  c l a y .  B e c a u s e  of  i t s  
w i d e  a p p l i c a t i o n  i n m a r k e t i n g  and as a use  t e r m i n t h e  
c e r a m i c s  i n d u s t r i e s ,  b a l l  c l a y  i s  t r e a t e d  as a s e p a r a t e  t y p e  
o f  c l a y .
3 . 2  Types of  De p os i t s
K a o l i n  and r e l a t e d  c l a y s  o c c u r  in s e v e r a l  t y p e s  of  
d e p o s i t s  t h r o u g h o u t  t h e  w o r l d .  T h r e e  t y p e s  o f  d e p o s i t s  can  
be d i s t i n g u i s h e d :  h y d r o t h e r m a l ,  r e s i d u a l ,  and s e d i m e n t a r y .
I n some r e g i o n s  k a o l i n  f ound  i s  o f  a s i n g l e  t y p e  and in 
o t h e r  r e g i o n s  b o t h  r e s i d u a l  and s e d i m e n t a r y  k a o l i n  d e p o s i t s  
a r e  p r e s e n t ,  a l t h o u g h  no l a r g e  d e p o s i t s  c o n t a i n i n g  b o t h  
h y d r o t h e r m a l  and s e d i m e n t a r y  t y p e s  ha v e  been f o u n d .  In some 
r e g i o n s  t h e  s e d i m e n t a r y  c l a y s  h a v e  been m i l d l y  a l t e r e d  by 
h y d r o t h e r m a l  s o l u t i o n s .
3 . 2 . 1  Pr i ma r y  K a o l i n s
P r i m a r y  k a o l i n s  a r e  t h o s e  t h a t  h a v e  been f o r me d  f r o m  
t h e  a l t e r a t i o n  o f  c r y s t a l l i n e  r o c k s ,  such  as g r a n i t e s  or  
g n e i s s e s ,  and r e m a i n  i n  t h e  p l a c e  w h e r e  t h e y  w e r e  f o r m e d .  
P r i m a r y  k a o l i n  i s  a l s o  d e f i n e d  as t h o s e  k a o l i n s  t h a t  h a v e  
been d e v e l o p e d  i n s i t u  by t h e  a l t e r a t i o n  o f  m i n e r a l s  such as 
f e l d s p a r  o r  o t h e r  a l u mi n u m  s i l i c a t e s  t o k a o l i n i t e .
T he  a l t e r a t i o n  can be h y d r o t h e r m a l  o r  r e s u l t s  f r o m
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w e a t h e r i n g  o r  b o t h ,  h e n c e  t h e  d i f f e r e n t i a t i o n  in  
h y d r o t h e r m a l  and r e s i d u a l  d e p o s i t s .
W e a t h e r i n g  i s  a u b i q u i t o u s  phenomena o p e r a t i n g  at  
maxi mum i n t e n s i t y  i n h o t ,  humi d t r o p i c a l  c l i m a t e s .  We may 
l o o k  upon t h e  p r o c e s s  as e s s e n t i a l l y  t h e  h y d r a t i o n  of  
h y d r o u s  a l u mi n u m  s i l i c a t e s  a c c o mp a n i e d  by t h e  r e mova l  of  
a l k a l i s .  The  d e p t h  of  a l t e r a t i o n  can v a r y  f r o m a f ew m e t e r s  
up t o  mor e  t h a n  one  h u n d r e d  m e t e r s  in e x c e p t i o n a l  
c i r c u m s t a n c e s .  R e s i d u a l  d e p o s i t s  o c c u r  in w e a t h e r e d  r o c k  
and t h e y  a r e  a t  or  v e r y  n e a r  t h e  s u r f a c e ,  e x c e p t  w h e r e  t h e y  
h a v e  been f o r me d  d u r i n g  a n c i e n t  w e a t h e r i n g  c y c l e s  and l a t e r  
b u r i e d  by y o u n g e r  r o c k s .  T h e s e  d e p o s i t s  a r e  g e n e r a l l y  
i r r e g u l a r  i n s h a p e  and g r a d e  downwar d i n t o  t h e  p a r e n t  r o c k .  
T h e y  a l s o  commonl y  c o n t a i n  r ounde d  b o u l d e r s  and i r r e g u l a r  
ma s s e s  o f  f r e s h  or  o n l y  p a r t l y  a l t e r e d  r o c k .
H y d r o t h e r m a l  a l t e r a t i o n  i s  t h e  a l t e r a t i o n  of  r o c k s  by 
c i r c u l a t i n g  ho t  w a t e r .  T h e  h e a t  may a r i s e  f r o m t h e  c o o l i n g  
o f  a l a r g e  i n t r u s i v e  mass ,  such  as a g r a n i t e ,  or  f r om deep  
c i r c u l a t i o n  o f  w a t e r ,  or  f r o m h e a t  g e n e r a t e d  by a b nor ma l  
a mount s  o f  r a d i o g e n i c  e l e m e n t s .  P e r m e a b i l i t y  p l a y s  an 
i m p o r t a n t  r o l e ,  f o r  w i t h o u t  f r a c t u r i n g  a n d / o r  g r a n u l a t i o n ,  
t h e  p e r m e a b i l i t y  w i l l  n o t  be h i g h  enough  t o  a l l o w  f l u i d s  t o  
c i r c u l a t e  t h r o u g h  t h e  r o c k  and a l t e r  i t .  K a o l i n  d e p o s i t s  
o c c u r r i n g  i n r o c k s  t h a t  h a v e  been h y d r o t h e r m a I  I y  a l t e r e d  a r e
T - 3 9 8 0
c o n s i d e r e d  h y d r o t h e r m a l  d e p o s i t s .  T h e s e  d e p o s i t s  a r e  
o r d i n a r i l y  i n i r r e g u l a r l y  e l o n g a t e  pods or  p i p e l i n e  b o d i e s  
a l i g n e d  a l o n g  j o i n t s ,  f a u l t s ,  o r  o t h e r  p e r m e a b l e  z o n e s  t h a t  
h a v e  a l l o w e d  mov eme nt s  o f  war m or  ho t  a qu e o u s  s o l u t i o n s .
Some d e p o s i t s  o f  t h i s  t y p e  a l s o  o c c u r  in a l t e r e d  t u f f s  and 
a r e  b e d d e d .
The  most  known p r i m a r y  k a o l i n  d e p o s i t s  a r e  t h o s e  i n t h e  
s o u t h w e s t  o f  E n g l a n d  i n t h e  c o u n t i e s  Devon and C o r n w a l l  
w h e r e  a h e r c y n i a n  g r a n i t e  has been e x t e n s i v e l y  
h y d r o t h e r m a I  I y  a l t e r e d .
3 . 2 . 2  Secondary K a o l i n s
S e c o n d a r y  d e p o s i t s  o f  k a o l i n  a r e  s e d i m e n t a r y  and ha ve  
been t r a n s p o r t e d  f r o m t h e i r  p l a c e  o f  o r i g i n  and d e p o s i t e d  in 
beds or  l e n s e s  a s s o c i a t e d  w i t h  o t h e r  s e d i m e n t a r y  r o c k s  such  
as s a n d s .  T h e s e  d e p o s i t s  a r e  t y p i c a l l y  amebo i d  t a b u l a r  
l e n s e s  t h a t  v a r y  c o n s i d e r a b l y  i n s i z e .  D e p o s i t s  as much as 
6 0 - f e e t  t h i c k  a r e  common and b o d i e s  o f  k a o l i n  a r e  known t o  
e x t e n d  l a t e r a l l y  f o r  mor e  t h a n  1 m i l e .  The  G e o r g i a  d e p o s i t s  
a r e  e x a m p l e s  o f  s e c o n d a r y  o r  s e d i m e n t a r y  d e p o s i t s .
I n many p a r t s  o f  t h e  w o r l d ,  k a o l i n  i s  e x t r a c t e d  f r o m  
s a n d s  w h i c h  h a v e  a k a o l i n  c o n t e n t  o f  l e s s  t h a n  20%.  The  
a c c o m p a n y i n g  s a nds  can be used f o r  c o n s t r u c t i o n  or  o t h e r  
i n d u s t r i a l  p u r p o s e s .  Some o f  t h e s e  s o - c a l l e d  k a o l i n i t i c
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s a nds  a r i s e  by t h e  a l t e r a t i o n  o f  f e l d s p a r  in an a r k o s e  in 
s i t u  by p e r c o l a t i n g  g r o u n d  w a t e r ;  o t h e r s  w e r e  o r i g i n a l l y  
l a i d  down as a m i x t u r e  o f  k a o l i n  and s a n d .  E x a mp l e s  of  
k a o l i n i t i c  s a nds  a r e  T r i a s s i c  Hi  r s c h a u - S c h n a i  t t e n b a c h  
o c c u r r e n c e s  i n West  Ge r ma n y .
3 . 3  Wor l d K a o l i n  D e p o s i t s / R e s e r v e s
The  m i n e r a l  k a o l i n i t e  i s  one o f  t h e  commonest  m i n e r a l s  
i n t h e  u p p e r m o s t  1 0  m e t e r s  o f  t h e  c o n t i n e n t a l  c r u s t ,  r a n k i n g  
i n  a b u n d a n c e  a l o n g s i d e  m i n e r a l s  l i k e  q u a r t z ,  m i c a ,  f e l d s p a r  
and c a i c i t e .  T h e r e f o r e  t h e r e  i s  l i t t l e  d i f f i c u l t y  in  
f i n d i n g  d e p o s i t s  w i t h  h i g h  p r o p o r t i o n s  o f  k a o l i n i t e .  Many  
k a o l i n  d e p o s i t s  a r e  known t o e x i s t  t h r o u g h o u t  t h e  w o r l d  and 
p r o d u c t i o n  i s  r e c o r d e d  f r o m many c o u n t r i e s ,  a l t h o u g h  o n l y  
v e r y  e x c e p t i o n a l l y  does  a d e p o s i t  p o s s e s s  a l l  t h e  r e q u i r e d  
p r o p e r t i e s  n e e d e d  t o  make i t  w o r t h  c o m m e r c i a l l y  e x p l o i t i n g .  
T he  t e r m  k a o l i n  as d e f i n e d  ( s e e  c h a p t e r  3 ,  page  4 1 )  i s  
a p p l i e d  w i t h o u t  r e l a t i o n  t o  t h e  p u r i t y  o f  d e p o s i t s .  Many  
k a o l i n s  a r e  s e d i m e n t a r y  o r  s e c o n d a r y  i n o r i g i n  and a r e  v e r y  
p u r e  and r e q u i r e  l i t t l e  c o n c e n t r a t i o n  or  b e n e f i c i a t i o n  i n  
p r e p a r a t i o n  f o r  m a r k e t .  Many o t h e r  k a o l i n s  a r e  p r i m a r y  
( h y d r o t h e r m a l  o r  r e s i d u a l )  i n o r i g i n  and c o n t a i n  as l i t t l e  
as 1 0 % k a o l i n i t e ,  r e q u i r i n g  c o n s i d e r a b l e  c o n c e n t r a t i o n  and 
b e n e f i c i a t i o n  t o  r e c o v e r  a m a r k e t a b l e  p r o d u c t .
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K a o l i n  i s  a u n i q u e  i n d u s t r i a l  m i n e r a l  and has many  
a p p l i c a t i o n s .  I t  i s  a u n i q u e  b e c a u s e ,  e x c e p t  f o r  c a t a l y t i c  
a c t i v i t y  in some o r g a n i c  s y s t e m s ,  i t  i s  c h e m i c a l l y  i n e r t  
o v e r  a r e l a t i v e l y  w i d e  r a n g e  o f  pH v a l u e s ;  i t  i s  w h i t e  or  
n e a r  w h i t e  in c o l o r ;  has good c o v e r i n g  or  h i d i n g  power  when  
used as a e x t e n d e r  o r  p i g m e n t  i n c o a t i n g  and f i l l i n g  
a p p l i c a t i o n s ;  i s  s o f t  and n o n - a b r a s i v e ;  has l ow c o n d u c t i v i t y  
v a l u e s  of  b o t h  h e a t  and e l e c t r i c i t y ;  and i s  l o we r  i n c o s t  
t h a n  most  m a t e r i a l s  w i t h  w h i c h  i t  c o m p e t e s .
The  p a p e r  i n d u s t r y  i s  by f a r  t h e  l a r g e s t  u s e r  of  
k a o l i n .  O t h e r  m a j o r  us e s  a r e  in t h e  r u b b e r ,  p a i n t ,  
p l a s t i c s ,  and c e r a m i c s  i n d u s t r i e s .  The  s p e c i f i c a t i o n  f o r  
t h e  p a p e r  i n d u s t r y  a r e  v e r y  r i g i d  w i t h  r e s p e c t  t o  v i s c o s i t y ,  
c o l o r ,  b r i g h t n e s s ,  and p a r t i c l e  s i z e  d i s t r i b u t i o n .  On t h e  
o t h e r  hand some uses  h a v e  no c r i t i c a l  s p e c i f i c a t i o n s ,  i . e . ,  
c e m e n t ,  w h e r e  t h e  o n l y  c o n c e r n  i s  l i g h t  c o l o r  and c h e m i c a l  
c o m p o s i t i o n .  C e r a m i c  s p e c i f i c a t i o n s  a r e  v a r i a b l e  i n t h a t  
e a c h  u s e r  may h a v e  s l i g h t l y  d i f f e r e n t  r e q u i r e m e n t s  as to  
s t r e n g t h ,  p y r o m e t r i c  c one  e q u i v a l e n t ,  p l a s t i c i t y ,  and c o l o r ,  
d e p e n d i n g  on t h e  body f o r m u l a t i o n .  I n t h e  c a s e  o f  p a p e r ,  
many k a o l i n s  can meet  t h e  b r i g h t n e s s  s p e c i f i c a t i o n s ,  bu t  a r e  
f a r  t oo v i s c o u s  t o  be used f o r  p a p e r  c o a t i n g  or  t h e  p a r t i c l e  
s i z e  i s  t oo  c o a r s e  o r  t oo  f i n e .  T he  d e p o s i t s  t h a t  can be 
b e n e f i c i a t e d  to meet  t h e s e  r i g i d  s p e c i f i c a t i o n s  a r e  v e r y  f ew
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i n number  and t h e  p r o s p e c t s  f o r  f i n d i n g  new unknown d e p o s i t s  
t h a t  w i l l  mee t  a l l  s p e c i f i c a t i o n s  a r e  q u i t e  r e mo t e  
(Mu r r a y , 1 9 8 4 )  .
The  U . S .  B u r e a u  of  M i n e s  in i t s  M i n e r a l  F a c t s  and 
P r o b I e m s  has i d e n t i f i e d  w o r l d  k a o l i n  r e s e r v e s  s i n c e  1 9 6 0 .  
D a t a  on U . S .  d e p o s i t s  a r e  r e a d i l y  a v a i l a b l e  and a r e  r e p o r t e d  
by s t a t e ,  e x c e p t  f o r  F l o r i d a ,  w h i c h  i s  i n c l u d e d  i n o t h e r s .  
D a t a  f r o m o t h e r  p a r t s  o f  t h e  w o r l d  a r e  g e n e r a l l y  l i m i t e d  and 
t h e r e f o r e  t h e  r e s o u r c e  d a t a  r e p o r t e d  a r e  o n l y  o r d e r  of  
m a g n i t u d e  e s t i m a t e s  ( s e e  t a b l e  3 . 1 ) .  A c c o r d i n g  t o t h e  
r e p o r t s  o f  t h e  U . S .  B u r e a u  o f  M i n e s  t h e r e  h a v e  been no 
c h a n g e s  o f  any s i g n i f i c a n c e  i n t h e  w o r l d  k a o l i n  r e s e r v e s  
o v e r  t h e  p e r i o d  1960 t o 1 9 8 0 .  I n t h e  p u b l i c a t i o n  o f  1985  
i d e n t i f i e d  w o r l d  k a o l i n  r e s e r v e s  i n c r e a s e d  by 1 . 2  b i l l i o n  
s h o r t  t o n s .  T h i s  can be a t t r i b u t e d  to t h e  b u o y a n t  k a o l i n  
i n d u s t r y  i n  t h e  w o r l d ,  e s p e c i a l l y  i n t h e  U n i t e d  S t a t e s  
( G e o r g i a ) ,  G r e a t  B r i t a i n ,  and S o u t h  A m e r i c a .  R e s e a r c h  and 
d e v e l o p m e n t  i n t h e  U n i t e d  S t a t e s  and t h e  U n i t e d  Ki ngdom has  
r e s u l t e d  i n  t h e  d e v e l o p m e n t  o f  new t e c h n o l o g y  w i t h  w h i c h  
p r e v i o u s l y  c o n s i d e r e d  u n e c o n o mi c  c l a y  d e p o s i t s  c o u l d  be  
u p g r a d e d  t o  p r o d u c e  a s a l e a b l e  p r o d u c t ;  c o n s e q u e n t l y  k a o l i n  
r e s e r v e s  h a v e  i n c r e a s e d  a c c o r d i n g l y .  The  b u o y a n t  k a o l i n  
i n d u s t r y  a l s o  has  e n c o u r a g e d  t h e  e x p l o r a t i o n  f o r  k a o l i n  i n  
o t h e r  p a r t s  o f  t h e  w o r l d ,  l e a d i n g  t o t h e  d i s c o v e r y  o f  new
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Tab I e  3 . 1  
I d e n t i f i e d  W o r l d  K a o l i n  R e s o u r c e s  
( i n  m i l l i o n  s h o r t  t o n s )
1960 to 1984
As of  
1985
Un i t e d  S t a t e s : 
A r k a n s a s 545 6 00
Geo rg i a 1 , 025 1 , 500
Ok I ahoma 300 300
O r e g o n 520 500
O t h e r 960 1 , 0 0 0
T o t  a I 3 , 3 5 0 3 ,  900
M e x i c o  & C e n t r a l  A m e r i c a 2 0 0 2 0 0
Sou t h Amer  i ca 2 0 0 500
E u r o p e :
Un i t ed K i ngdom 2  , 0 0 0 2 , 0 0 0
O t h e r 1 , 500 1 , 500
T o t a l 3 , 5 0 0 3 , 500
U . S . S . R . 2 , 2 0 0 2 , 500
A f r i c a 750 800
As i a 1 , 500 1 , 500
Aus t r a  I i  a 500 500
Wo r I d  To t a I 1 2 , 2 0 0 1 3 , 4 0 0
S o u r c e :  M i n e r a l  F a c t s  and P r o b l e m s ,  C l a y  c h a p t e r s ,  1960  
t h r o u g h  1985 e d i t i o n s ,  U . S .  B u r e a u  o f  M i n e s .
T - 3 9 8 0
h i g h  q u a l i t y  d e p o s i t s .
In t h e  s t a t e  of  G e o r g i a ,  k a o l i n  r e s e r v e s  i n c r e a s e d  
a b o u t  500  mi I I i on  t o n s ,  m a t c h i n g  mor e  o r  l e s s  t h e  t o t a l  
i n c r e a s e  i n  t h e  r e p o r t e d  r e s e r v e s  o f  t h e  U n i t e d  S t a t e s .
T h e s e  i n c r e a s e s  i n  t h e  r e s e r v e s  o f  t h e  G e o r g i a  k a o l i n s  came  
a b o u t  b e c a u s e  o f  new t e c h n o l o g i e s  f o r  p r o c e s s i n g  l o we r  g r a d e  
k a o l i n s ,  m a k i n g  p r e v i o u s  n o n c o m m e r c i a l  k a o l i n  d e p o s i t s  
f e a s i b l e .  T h e  i n c r e a s e d  e x p l o r a t i o n  and e x p l o i t a t i o n  of  
k a o l i n s  i n B r a z i l  and r e p o r t e d  e x p l o r a t i o n  a c t i v i t y  in 
Gu y a n a  and S u r i n a m e  p r o b a b l y  r e s u l t e d  in t h e  i n c r e a s e d  
r e s e r v e  f i g u r e  f o r  k a o l i n  i n  S o u t h  A m e r i c a  f r o m 200  to 500  
m i l l i o n  s h o r t  t o n s .  A l s o  n o t i c e a b l e  i s  t h e  i n c r e a s e d  k a o l i n  
r e s e r v e s  i n t h e  S o v i e t  U n i o n  f o r  w h i c h  t h e r e  i s  no a p p a r e n t  
e x p l a n a t i o n .  D e s p i t e  i n c r e a s e d  a c t i v i t y  i n t h e  k a o l i n  
i n d u s t r y  i n  A s i a  and O c e a n i a ,  p a r t i c u l a r l y  i n S o u t h  K o r e a ,  
I n d o n e s i a ,  M a l a y s i a ,  C h i n a ,  and A u s t r a l i a ,  t h e r e  a r e  no 
r e p o r t e d  i n c r e a s e s  o f  r e s e r v e s  i n t h e s e  p a r t s  o f  t h e  W o r l d .
3 . 4  Ma j or  D e p o s i t s
M a j o r  k a o l i n  d e p o s i t s  o f  r e l a t i v e l y  good q u a l i t y  a r e  
f ound  i n  t h e  ( 1 )  U n i t e d  S t a t e s ,  ( 2 )  t h e  U n i t e d  Ki n g d o m,  ( 3 )  
t h e  USSR,  ( 4 )  C z e c h o s l o v a k i a  and ( 5 )  B r a z i l .
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3 . 4 . 1 .  U n i t e d  S t a t e s
One o f  t h e  l a r g e s t ,  b e s t  known,  and h i g h e s t  q u a l i t y  
k a o l i n  d e p o s i t s  i s  l o c a t e d  i n G e o r g i a  and S o u t h  C a r o l i n a .  
T h e y  f o r m t h e  l a r g e s t  p a r t  o f  t h e  s o - c a l l e d  k a o l i n - b e l t ,  
w h i c h  e x t e n d s  i n t o  A l a b a m a ,  a d i s t a n c e  o f  a b o u t  4 00  
km.  T he  d e p o s i t s  i n t h e  G e o r g i a / S o u t h  C a r o l i n a  b e l t  o c c u r  
i n  s e d i m e n t a r y  r o c k s  as i r r e g u l a r  e l o n g a t e ,  l e n t i c u l a r  
b o d i e s  and beds  i n t h i c k  sand u n i t s .  The  d e p o s i t s  a r e  as 
much as 2 0 m t h i c k  and e x t e n d  l a t e r a l l y  f o r  d i s t a n c e s  r a n g i n g  
f r o m a f e w t e n s  o f  m e t e r s  t o  as much as e i g h t e e n  k i l o m e t e r s .  
I n  most  o f  t h e  c o m m e r c i a l l y  mi n e d  d e p o s i t s ,  k a o l i n i t e  
c o n s t i t u t e s  f r o m 90% t o  95% of  t h e  m i n e r a l s  p r e s e n t .
I n f e r r e d  r e s e r v e s  o f  k a o l i n  w i t h i n  t h i s  a r e a  h a v e  been  
e s t i m a t e d  t o  be s e v e r a l  b i l l i o n  t o n s .  R e s e r v e s  o f  t h e  f i n e ,  
h i g h  g r a d e ,  f i n e  p a r t i c l e  s i z e  w h i t e  c l a y  s u i t a b l e  as a 
p a p e r  c o a t e r  and f o r  o t h e r  s p e c i a l t y  us e s  i s  e s t i m a t e d  
b e t w e e n  100 and 2 00  m i l l i o n  t o n s .  The  G e o r g i a / S o u t h  
C a r o l i n a  k a o l i n s  can be b e n e f i c i a t e d  t o p r o d u c e  a c o n t r o l l e d  
p a r t i c l e  s i z e ,  r e l a t i v e l y  w h i t e  and b r i g h t ,  l ow v i s c o s i t y  
p r o d u c t  and a r e  c o n s i d e r e d  p r e mi um p a p e r  c o a t i n g  c l a y s  
t h r o u g h o u t  t h e  w o r l d .  Of  t h e  t o t a l  p r o d u c t i o n  o f  9 , 8 9 1 , 1 3 5  
s h o r t  t o n s  o f  k a o l i n  p r o d u c e d  i n t h e  U n i t e d  S t a t e s  i n 1 9 8 8 ,  
a b o u t  9 m i l l i o n  t o n s  came f r o m t h e  G e o r g i a - S o u t h  C a r o l i n a  
a r e a  w i t h  a b o u t  8 . 2  m i l l i o n  s h o r t  t o n s  f r o m G e o r g i a  a l o n e .
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3 . 4 . 2  Un i t e d  Kingdom
The  U n i t e d  Ki ngdom i s  second  o n l y  t o  t h e  U n i t e d  S t a t e s  
as a p r o d u c e r  o f  h i g h  q u a l i t y  k a o l i n  p r o d u c t s  and i s  t h e  
l a r g e s t  e x p o r t e r  i n t h e  w o r l d .  The  k a o l i n  o r  C h i n a  C l a y  
d e p o s i t s  ( a s  t h e y  a r e  b e s t  known i n E n g l a n d )  a r e  a l l  
r e s i d u a l  and t y p i c a l l y  o c c u r  in f u n n e l  or  t r o u g h l i k e  b o d i e s  
n a r r o w i n g  d o wn wa r d .  D r i l l i n g  has shown k a o I i n i z a t i o n  to  
e x i s t  a t  d e p t h s  o f  mor e  t h a n  800  f e e t .  R e s e r v e s  a r e  
r e p o r t e d  to be o v e r  2 b i l l i o n  s h o r t  t o n s .  T h e s e  E n g l i s h  
k a o l i n s  can be b e n e f i c i a t e d  t o  p r o d u c e  a v e r y  w h i t e  and 
b r i g h t  c o a t i n g  c l a y .  T he  v i s c o s i t y ,  h o w e v e r ,  b o t h  h i g h  and 
l ow s h e a r ,  i s  somewhat  h i g h e r  t h a n  t h e  v i s c o s i t y  o f  t h e  
p r o c e s s e d  k a o l i n s  f r o m G e o r g i a .  I n 1988 t h e  U n i t e d  Ki ngdom  
p r o d u c e d  a b o u t
3 , 7 5 0 , 0 0 0  s h o r t  t o n s  o f  k a o l i n .
3 . 4 . 3  The S o v i e t  Union
A l l  t h r e e  t y p e s  o f  k a o l i n  d e p o s i t s ,  r e s i d u a l ,  
h y d r o t h e r m a l  ( p r i m a r y ) ,  and s e d i m e n t a r y  ( s e c o n d a r y )  a r e  
w o r k e d  i n t h e  USSR.  Good g r a d e  p r i m a r y  k a o l i n s  a r e  known to  
e x i s t  i n t h e  G l u h o v e t s k i  a r e a  s o u t h w e s t  o f  K i e v  and i n t h e  
P r o y a n o v s k i  d i s t r i c t  i n  t h e  D n e p r o p e t r o v s k i  r e g i o n .  The  
d e p o s i t s  i n  t h e s e  a r e a s  o c c u r  i n w e a t h e r e d  g r a n i t e  and 
g n e i s s .  N e x t  t o t h e s e  i m p o r t a n t  k a o l i n  d e p o s i t s ,  some l a r g e
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s e d i m e n t a r y  d e p o s i t s  a r e  known of  w h i c h  t h e  most  i m p o r t a n t  
i s  t h e  P o l o g n a  d e p o s i t  on t h e  Konok R i v e r  n e a r  t h e  P o l o g n a  
S t a t i o n .  Most  of  t h e  k a o l i n  p r o d u c t i o n  o f  t h e  USSR i s  f r o m  
t h e s e  two d i s t r i c t s .  R e s e r v e s  a r e  l a r g e  ( e x c e e d i n g  100  
m i l l i o n  t o n s  a t  e a c h  l o c a t i o n )  and t h e  p r o d u c t i o n  i s  used in  
t h e  p a p e r ,  c e r a m i c ,  r u b b e r ,  and c h e m i c a l  i n d u s t r i e s .  L i t t l e  
i s  known a b o u t  t h e s e  d e p o s i t s  o r  a b o u t  p r o d u c t i o n  
s t a t i s t i c s ,  l e a v i n g  t h e  q u e s t i o n  open w h e t h e r  h i g h  q u a l i t y  
c o a t i n g  g r a d e  k a o l i n s  a r e  b e i n g  p r o d u c e d .
3 . 4 . 4  C z e c h o s l o v a k i a
C z e c h o s l o v a k i a  can be c o n s i d e r e d  t h e  p r i n c i p a l  p r o d u c e r  
o f  k a o l i n  i n  E a s t e r n  E u r o p e .  The  d e p o s i t s ,  m o s t l y  r e s i d u a l ,  
a r e  l o c a t e d  i n t h e  v i c i n i t y  o f  K a r I o v y - V a r y , P l z e n ,  and 
P o d b o r a n y  i n We s t  B o h e mi a .  Many o f  t h e s e  p r i m a r y  d e p o s i t s  
a r e  o f  h i g h  q u a l i t y  and a r e  used i n t h e  c e r a m i c ,  p a p e r ,  
r u b b e r ,  and r e f r a c t o r y  i n d u s t r i e s .  Much o f  t h e  a n n u a l  
p r o d u c t i o n  i s  e x p o r t e d  t o  o t h e r  E a s t e r n  E u r o p e a n  c o u n t r i e s  
and t h e  USSR w i t h  a l s o  i n c r e a s i n g  e x p o r t s  o f  f i l l e r  q u a l i t y  
g r a d e  k a o l i n  t o  Wes t  G e r ma n y ,  A u s t r i a ,  and I t a l y .  R e s e r v e s  
a r e  a b u n d a n t  and a r e  e s t i m a t e d  a t  o v e r  one  b i l l i o n  t o n s .
Most  o f  t h i s  k a o l i n  can be b e n e f i c i a t e d  t o  make h i g h - g r a d e  
f i l l e r  and c o a t i n g  c l a y s .  I n t h e  p a s t  f i v e  y e a r s
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C z e c h o s l o v a k i a ’ s k a o l i n  p r o d u c t i o n  a v e r a g e d  ou t  a t  a b o u t
7 5 0 , 0 0 0  s h o r t  t o n s .
3 . 4 . 5  B r a z i l
K a o l i n  d e p o s i t s  i n w e a t h e r e d  g r a n i t e s ,  p i g m a t i t e s ,  and  
o t h e r  c r y s t a l l i n e  r o c k s  o c c u r  i n many l o c a t i o n s  in B r a z i l  
and r e c e n t l y  some v e r y  l a r g e  s e d i m e n t a r y  d e p o s i t s  h a v e  been  
d i s c o v e r e d .  One i s  a l o n g  t h e  J a r i  R i v e r  in t h e  s t a t e  o f  
Amapa ( M u r r a y ,  1 9 8 1 ) .  The  k a o l i n  i s  v e r y  f i n e  i n p a r t i c l e  
s i z e ,  i s  o f  good c o l o r ,  and has e x c e l l e n t  v i s c o s i t y .  F or  
c e r t a i n  a p p l i c a t i o n s  i t  w i l l  make a s u p e r i o r  c o a t i n g  c l a y .  
P r o v e n  r e s e r v e s  a r e  i n e x c e s s  o f  50 m i l l i o n  t o n s .  Most  
p r o d u c t i o n  i s  e x p o r t e d ,  p a r t i c u l a r l y  t o E u r o p e .  A n o t h e r  
r e g i o n  o f  s e d i m e n t a r y  d e p o s i t s  i s  a l o n g  t h e  Ca p i m R i v e r ,
some 2 00  k i  i o m e t e r s  s o u t h  o f  B e l e m.  B r a z i  I ’ s k a o I  in
. . \p r o d u c t i o n  has i n c r e a s e d  e n o r m o u s l y  i n t h e  l a s t  f i v e  y e a r s ,
and i n 1988  t h e  r e p o r t e d  p r o d u c t i o n  amount e d  t o  8 4 9 , 0 0 0  
s h o r t  t o n s .
3 . 5  Mi nor  D e p o s i t s
Many m i n o r  k a o l i n  d e p o s i t s  a r e  known t o  o c c u r  
t h r o u g h o u t  t h e  w o r l d .  H o w e v e r ,  t h o s e  t h a t  can be 
b e n e f i c i a t e d  t o  p r o d u c e  c o a t i n g  c l a y s  a r e  f e w .  Some o f  t h e  
a r e a s  i n  w h i c h  i t  may be p o s s i b l e  t o  b e n e f i c i a t e  and p r o d u c e
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f i l l e r  c l a y s  and p e r h a b s  c o a t i n g  c l a y s  a r e  b r i e f l y  o u t l i n e d  
b e l o w  ( M u r r a y ,  1 9 7 7 a ) .
3 . 5 . 1  N o r t h  Ame r i c a
M e x i c o .  Of  t h e  nume r ous  o c c u r r e n c e s  o f  k a o l i n  in 
M e x i c o ,  most  a r e  o f  t h e  p r i m a r y  t y p e  o r i g i n a t e d  by 
h y d r o t h e r m a l  a l t e r a t i o n  o f  t e r t i a r y  r h y o l i t i c  r o c k s .
D e p o s i t s  a r e  f ound  i n a l m o s t  e v e r y  s t a t e ,  b u t  t h e  l a r g e s t  
a r e  i n t h e  c e n t r a l  p a r t  o f  t h e  c o u n t r y .  T h e  d e p o s i t s  v a r y  
i n  m i n e r a l o g y ,  c h e m i c a l  c o m p o s i t i o n ,  and p h y s i c a l  
p r o p e r t i e s .  T h e r e  i s  no k a o l i n  w a s h i n g  p l a n t  in M e x i c o  
( M u r r a y ,  1 9 7 7 b ) .  A l l  k a o l i n s  a r e  d r y  p r o c e s s e d  f o r  use  i n  
t h e  p a p e r ,  r u b b e r ,  p l a s t i c s ,  p a i n t ,  c e r a m i c ,  and r e f r a c t o r y  
i n d u s t r i e s .  R e s e r v e s  a r e  e s t i m a t e d  to be mor e  t h a n  500  
m i l l i o n  t o n s .  R e p o r t e d  p r o d u c t i o n  f o r  1988  a mount ed  t o
2 3 6 , 0 0 0  s h o r t  t o n s .
C a n a d a .  Two k a o l i n  o c c u r r e n c e s  o f  p o t e n t i a l  i n t e r e s t  
a r e  known t o e x i s t  i n C a n a d a ,  bu t  t h e  k a o l i n s  w h i c h  a r e  a i l  
k a o l i n i t i c  sand a r e  r e l a t i v e l y  o f  poor  q u a l i t y .  E x p l o r a t i o n  
has r e v e a l e d  r e l a t i v e l y  good g r a d e  k a o l i n  d e p o s i t s  i n Wood 
M o u n t a i n ,  S a s k a t c h e w a n ,  w h e r e  a p r o j e c t  i s  u n d e r  
c o n s t r u c t i o n  w i t h  a p l a n n e d  c a p a c i t y  o f  a b o u t  1 5 0 , 0 0 0  t p y  o f  
p r e mi u m q u a l i t y  k a o l i n  p a p e r  f i l l e r  g r a d e .
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3 . 5 . 2  S o u t h  A m e r i c a
A r g e n t i n a .  The  most  i m p o r t a n t  d e p o s i t  i n A r g e n t i n a  i s  
in t h e  p r o v i n c e  of  Ch u b u t  w e s t  o f  t h e  town o f  T r e l o w .  The  
k a o l i n  i s  l a r g e l y  p r i m a r y  i n o r i g i n  and i s  t h e  g r o u n d  w a t e r  
a l t e r a t i o n  p r o d u c t  o f  t u f f s  and r h y o l i t e s .  A r g e n t i n a ’ s 
k a o l i n  p r o d u c t i o n  has been s t a g n a n t  f o r  y e a r s  a t  a r o u n d
1 0 0 , 0 0 0  t p y ;  t h e  r e p o r t e d  f i g u r e  f o r  1988  i s  a b o u t  6 2 , 0 0 0  
s h o r t  t o n s .
C o l o m b i a .  A l t h o u g h  C o l o m b i a ’ s r e p o r t e d  k a o l i n  
p r o d u c t i o n  has e x c e e d e d  one  m i l l i o n  s h o r t  t o n s  a y e a r  s i n c e  
1 9 8 4 ,  l i t t l e  i s  p u b l i s h e d  c o n c e r n i n g  k a o l i n  o c c u r r e n c e s .
I n t e r p r e t a t i o n  o f  t h e  r e p o r t e d  f i g u r e s  i s  t h e r e f o r e  v e r y  
d i f f i c u l t .  C o l o m b i a  i s  t h e  l a r g e s t  k a o l i n  p r o d u c e r  i n S o u t h  
A m e r i c a  and t h e  o n l y  l e s s  d e v e l o p e d  c o u n t r y  w i t h  k a o l i n  
p r o d u c t i o n  i n e x c e s s  o f  1 m i l l i o n  s h o r t  t o n s  pe r  y e a r .
V e n e z u e l a .  B o t h  r e s i d u a l  and t r a n s p o r t e d  k a o l i n  
d e p o s i t s  o c c u r  i n V e n e z u e l a  o f  r e l a t i v e l y  good q u a l i t y  and 
s u i t a b l e  f o r  p r o d u c i n g  k a o l i n  g r a d e s  f o r  p a p e r  c o a t i n g ,  
p a p e r  f i l l e r ,  p a i n t s ,  and p o r c e l a i n .  P r o d u c t i o n  i s  l ow,  
a r o u n d  2 7 , 0 0 0  s t y ,  d e s t i n e d  p r i m a r i l y  f o r  d o m e s t i c  c e r a m i c  
u s e s .
G u y a n a .  V e r y  l a r g e  t r a n s p o r t e d  k a o l i n  d e p o s i t s  a r e  
a s s o c i a t e d  w i t h  b a u x i t e  o c c u r r e n c e s  in G u y a n a .  D e p o s i t s  a r e  
i n s e d i m e n t a r y  r o c k s  u n d e r l y i n g  t h e  c o a s t a l  p l a i n  s e a w a r d
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f r o m a s h i e l d  a r e a  o f  a n c i e n t  c r y s t a l l i n e  r o c k s .  A l t h o u g h  
t h e  s e v e r a l  d e p o s i t s  h a v e  n o t  been e x p l o r e d  i n  d e t a i l ,  i t  i s  
known t h a t  some o f  t he m,  f o r  e x a m p l e  t h e  T o p i r a  d e p o s i t ,  i s  
o f  r a t h e r  good q u a l i t y  and s u i t a b l e  f o r  t h e  p r o d u c t i o n  o f  
p a p e r  g r a d e  c o a t i n g ,  f i l l e r  c l a y ,  p a i n t ,  and p o r c e l a i n .  At  
t h i s  t i m e  k a o l i n  i s  p r o d u c e d  o n l y  f o r  t h e  d o m e s t i c  c e r a m i c s  
i ndus t r y .
S u r i n a m e .  I n S u r i n a m e ,  as in G u y a n a ,  v e r y  l a r g e  
s e c o n d a r y  k a o l i n s  o c c u r  b e n e a t h  b a u x i t e  d e p o s i t s .  P r i m a r y  
k a o l i n s  e x i s t  in t h e  n o r t h e r n  and m i d - s o u t h e r n  p a r t s  o f  t h e  
c o u n t r y .  Of  t h e  s e c o n d a r y  k a o l i n s ,  t h e  most  i m p o r t a n t  a r e  
l o c a t e d  i n t h e  Moengo a r e a ,  b e n e a t h  t h e  p l a t e a u  b a u x i t e  
d e p o s i t s  mi n e d  by t h e  S u r i n a m e  A l u mi n u m Company .  R e s e r v e s  
a r e  e s t i m a t e d  a t  30  t o  50 m i l l i o n  s h o r t  t o n s .  T he  q u a l i t y  
i s  e x c e l l e n t  and s u i t a b l e  f o r  t h e  p a p e r  c o a t i n g  and f i l l i n g  
i n d u s t r i e s ,  p a i n t s ,  and p o r c e l a i n .  R e s e r v e s  o f  i n d i v i d u a l  
d e p o s i t s  i n t h i s  a r e a  r a n g e  f r o m a h a l f  a m i l l i o n  to mor e  
t h a n  20 m i l l i o n  s h o r t  t o n s .  P r o d u c t i o n  a t  t h i s  t i m e  i s  
l i m i t e d  t o  t h e  s e c o n d a r y  k a o l i n  in t h e  P a r a n a m a r e a  w h e r e  
k a o l i n  i s  mi n e d  f o r  d o m e s t i c  u s e ,  e s p e c i a l l y  f o r  t h e  
p r o d u c t i o n  o f  t i l e s  and some c e r a m i c s .
E l s e w h e r e  i n S o u t h  A m e r i c a  b o t h  r e s i d u a l  and  
t r a n s p o r t e d  k a o l i n  d e p o s i t s  a r e  known t o e x i s t  i n  F r e n c h  
G u y a n a ,  E c u a d o r ,  C h i l e ,  P a r a g u a y ,  and P e r u .  R e p o r t e d  a n n u a l
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k a o l i n  p r o d u c t i o n  f o r  C h i l e  and f o r  P a r a g u a y  i s  a r o u n d
6 0 , 0 0 0  s h o r t  t o n s .
3 . 5 . 3  E u r o p e
A u s t r i a .  E c o n o m i c a l l y  i m p o r t a n t  k a o l i n  d e p o s i t s  of  
p r i m a r y  o r i g i n  o c c u r  on t h e  Bohemi an  M a s s i f ,  a d e e p l y  e r o d e d  
c o mp l e x  o f  g r a n i t i c  and m e t a m o r p h i c  r o c k s .  The  k a o l i n  
p r o d u c e d  i s  m a i n l y  o f  t h e  p a p e r  f i l l i n g  g r a d e  and i s  a l s o  
used f o r  t h e  d o m e s t i c  c e r a m i c  and r u b b e r  i n d u s t r i e s .  Annua l  
p r o d u c t i o n  i s  a b o u t  1 0 0 , 0 0 0  s t y .
B u l g a r i a .  S e d i m e n t a r y  k a o l i n  d e p o s i t s  o c c u r  in 
n o r t h w e s t e r n  B u l g a r i a .  I n d i v i d u a l  d e p o s i t s  a r e  s m a l l  and 
a r e  a s s o c i a t e d  w i t h  s a n d s  t h a t  f i l l  s i n k h o l e s  i n a k a r s t  
a r e a .  R e p o r t e d  p r o d u c t i o n  f o r  1988 was 3 1 5 , 0 0 0  s h o r t  t o n s .  
Most  o f  t h e  k a o l i n  i s  used l o c a l l y  f o r  c e r a m i c s .
D e n ma r k .  Some s m a l l  p r i m a r y  k a o l i n  d e p o s i t s  e x i s t  on 
t h e  I s l a n d  o f  B o r n h o l m .  The  q u a l i t y  i s  t o o  poor  t o be used  
i n  w h i t e w a r e s  o r  as f i l l e r  f o r  p a p e r .  Mos t  i s  used i n t h e  
m a n u f a c t u r e  o f  r e f r a c t o r y  g r o g s  and s e we r  p i p e s .  P r o d u c t i o n  
i n  1988  was o n l y  1 1 , 0 0 0  s h o r t  t o n s .
Ge r ma n y .  B o t h  p r i m a r y  and s e c o n d a r y  k a o l i n  d e p o s i t s  
o c c u r  i n wh a t  was f o r m e r l y  E a s t  G e r ma n y .  T he  ma i n  d e p o s i t s  
a r e  b e t w e e n  L e i p z i g  and D r e s d e n  a t  K r e m m i i t z ,  S e i l i t z ,  
P o m m l i t z ,  Q u e r b i t s c h ,  B o r t e w i t z  and B r a c h w i t z .  K a o l i n
T - 3 9 8 0
p r o d u c t i o n  i s  i n c r e a s i n g  and i s  now i n t h e  r a n g e  o f  6 0 0 -
7 0 0 , 0 0 0  s h o r t  t o n s  p e r  y e a r .  The  k a o l i n  p r o d u c e d  i s  
p r e d o m i n a n t l y  used i n t h e  d o m e s t i c  c e r a m i c  i n d u s t r y ,  bu t  
p r o d u c t i o n  f o r  t h e  p a p e r  f i l l e r  g r a d e  i s  i n c r e a s i n g .  K a o l i n  
r e s e r v e s  a r e  e s t i m a t e d  t o  be c o n s i d e r a b l y  mor e  t h a n  1 0 0  
m i l l i o n  t o n s ;  h o w e v e r ,  h i g h  v i s c o s i t y  and l o we r  b r i g h t n e s s  
l i m i t  t h e  use  of  t h e s e  k a o l i n s  t o f i l l e r  and c e r a m i c  c l a y s .
The  l a r g e s t  k a o l i n  m i n i n g  d i s t r i c t  i n wh a t  was f o r m e r l y  
West  Ger many  i s  i n t h e  t o w n s h i p s  o f  H i r s c h a u  and 
S c h n a i t t e n b a c h  i n B a v a r i a .  The  d e p o s i t s  a r e  s e d i m e n t a r y  in  
o r i g i n  and c o n s i s t  o f  a m i x t u r e  o f  q u a r t z ,  f e l d s p a r ,  and 
k a o l i n  and a r e  a b o u t  40 m e t e r s  t h i c k .  O t h e r  a r e a s  w h e r e  
k a o l i n  i s  w o r k e d  a r e  O b e r n e i s e n  n e a r  F r a n k f u r t ,  H e s s e ,  and 
W e s t p h a l i a .  The  p r o d u c e d  k a o l i n  i s  m a i n l y  used as a c e r a m i c  
c l a y  and as a p a p e r  f i l l e r .  A g a i n  t h e  l ow b r i g h t n e s s  and 
h i g h  v i s c o s i t y  o f  t h e s e  k a o l i n s  l i m i t  i t s  mor e  w i d e s p r e a d  
u t i l i z a t i o n ,  a l t h o u g h  w i t h  t h e  a p p l i c a t i o n  of  s p e c i a l  
b e n e f i c i a t i o n  t e c h n i q u e s  t h e s e  k a o l i n s  can be mi x e d  w i t h  
U . S .  c o a t i n g  c l a y s  t o  make a s u i t a b l e  p r o d u c t  t o  c o a t  p a p e r .
F r a n c e .  K a o l i n  d e p o s i t s  o c c u r  i n t h e  d i s t r i c t  o f  
B r i t t a n y  and a r o u n d  t h e  M a s s i f  C e n t r a l  i n c e n t r a l  F r a n c e .
I n  B r i t t a n y  t h e  d e p o s i t s  a r e  a l l  p r i m a r y  i n o r i g i n ;  t h e  
d e p o s i t s  a r o u n d  t h e  M a s s i f  C e n t r a l  a r e  b o t h  p r i m a r y  and 
s e c o n d a r y .  Mos t  o f  B r i t t a n y ’ s i s  used m a i n l y  i n t h e
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c e r a m i c s  i n d u s t r y ,  a l t h o u g h  i t s  use  as a f i l l e r  f o r  p a p e r ,  
p a i n t ,  and r u b b e r  i s  i n c r e a s i n g  b e c a u s e  o f  i mp r o v e d  
p r o c e s s i n g  t e c h n o l o g y .  R e p o r t e d  k a o l i n  p r o d u c t i o n  i n c r e a s e d  
f r o m 3 4 0 , 0 0 0  s t y  i n 1984  t o  an a v e r a g e  o f  1 , 5 5 0 , 0 0 0  s t y  in  
t h e  y e a r s  1 9 8 5 - 1 9 8 8 .  T he  i n c r e a s e  i s  due t o  t h e  i n c l u s i o n  
o f  t h e  s o - c a l l e d  " k a o l i n i t i c  c l a y "  i n r e p o r t e d  k a o l i n  
p r o d u c  t i o n .
G r e e c e .  Low g r a d e  d e p o s i t s  o f  k a o l i n  s u i t a b l e  f o r  use  
i n  c e m e n t ,  c e r a m i c s  r e f r a c t o r i e s , and as f i l l e r  f o r  p a p e r  
o c c u r  on t h e  Ae g e a n  i s l a n d s  o f  M i l o s ,  P o l y a e g o s ,  and 
M y t i l e n e .  R e s e r v e s  a r e  l i m i t e d ,  bu t  p r o d u c t i o n  has  
i n c r e a s e d  s l i g h t l y  and now a mount s  t o  a b o u t  1 6 0 , 0 0 0  t p y .
H u n g a r y .  P r i m a r y  k a o l i n  d e p o s i t s  o c c u r  i n n o r t h e a s t  
H u n g a r y  i n t h e  T o k a j  m o u n t a i n s .  S e c o n d a r y  d e p o s i t s  i n t h e  
f o r m o f  k a o l i n - b e a r i n g  s a n d s t o n e s  o c c u r  i n t h e  V i s e g r a d  
m o u n t a i n s ,  w e s t  o f  B u d a p e s t .  K a o l i n  mi n e d  f r o m t h e s e  a r e a s  
i s  used d o m e s t i c a l l y  i n c e r a m i c s ,  p a p e r ,  r u b b e r ,  and  
p l a s t i c s .  O u t p u t  i s  r e l a t i v e l y  s m a l l ,  a v e r a g i n g  a b o u t
3 5 , 0 0 0  s t p y .  R e s e r v e s  a r e  a l s o  l i m i t e d  and r e l a t i v e l y  
smaI  I .
I t a l y .  Bo t h  p r i m a r y  and s e c o n d a r y  d e p o s i t s  o c c u r  in 
I t a l y ,  t h e  most  i m p o r t a n t  i n  n o r t h w e s t  I t a l y  n e a r  B r e l l a ,  i n  
s o u t h e r n  S a r d i n i a ,  and n e a r  Rome.  T he  k a o l i n s  a r e  g e n e r a l l y  
o n l y  s u i t a b l e  f o r  t h e  m a n u f a c t u r e  o f  t i l e s ,  a l t h o u g h  s ma l l
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amount s  a r e  used i n s a n i t a r y w a r e  and r e f r a c t o r i e s .
P r o d u c t i o n  i s  m o d e r a t e .  I n c l u d i n g  t h e  p r o c e s s e d  k a o l i n i t i c  
s a n d ,  p r o d u c t i o n  i n  1988 r e a c h e d  a b o u t  1 0 0 , 0 0 0  s h o r t  t o n s .
PoI  a n d . P r i m a r y  k a o l i n  i n P o l a n d  o c c u r s  i n  l o we r  
S e l e s i a ,  s o u t h w e s t  o f  W r o c l a w .  R e s e r v e s  o f  i n d i v i d u a l  
d e p o s i t s  r a n g e  f r o m 2  m i l l i o n  to mor e  t h a n  1 0  m i l l i o n  s h o r t  
t o n s .  T o t a l  r e s e r v e s  a r e  i n d i c a t e d  t o be s e v e r a l  t e n s  of  
m i l l i o n s  o f  t o n s .  P r o d u c t i o n  i s  r e l a t i v e l y  s m a l l ,  a b o u t
5 5 , 0 0 0  s h o r t  t o n s  p e r  y e a r  and i s  m a i n l y  f o r  t h e  d o m e s t i c  
c e r a m i c s  i n d u s t r y .
S p a i n .  S p a i n  b e l o n g s  t o  t h e  g r o u p  o f  t h e  l a r g e r  k a o l i n  
p r o d u c e r s  i n  E u r o p e .  B o t h  p r i m a r y  and s e c o n d a r y  d e p o s i t s  
e x i s t .  T h e y  a r e  w i d e l y  s c a t t e r e d  w i t h  t h e  c o m m e r c i a l l y  
i m p o r t a n t  d e p o s i t s  i n t h e  n o r t h w e s t  n e a r  Ga I i c i a - A s t u r i a s  
and i n  t h e  e a s t  n e a r  C u e n c i a - T e r u e I - V a I e n c i a . S e c o n d a r y  
d e p o s i t s  i n e a s t e r n  S p a i n  a r e  p r i n c i p a l l y  k a o l i n i t i c  sands  
r a n g i n g  f r o m 10 t o  20 m e t e r s  i n t h i c k n e s s .  R e s e r v e s  a r e  
e s t i m a t e d  a t  mor e  t h a n  one  b i l l i o n  t o n s .  Most  i s  used i n  
t h e  c e r a m i c s  i n d u s t r y ,  and b e c a u s e  o f  i mp r o v e d  b e n e f i c i a t i o n  
t e c h n i q u e s ,  t h e  c o n s u m p t i o n  o f  f i l l e r  g r a d e  k a o l i n  f o r  use  
i n  t h e  p a p e r ,  p a i n t ,  and r u b b e r  i n d u s t r i e s  i s  i n c r e a s i n g .  
R e p o r t e d  p r o d u c t i o n  i n  1988  amount ed  t o 4 4 0 , 0 0 0  s h o r t  t o n s .
O t h e r s .  S m a l l e r  a mo u n t s  o f  k a o l i n  a r e  p r o d u c e d  in  
R o ma n i a ,  Sweden,  Y u g o s l a v i a ,  B e l g i u m ,  and P o r t u g a l .  I n
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P o r t u g a l ,  p r o d u c t i o n  i s  s i g n i f i c a n t .  A number  o f  s m a l l e r  
o p e r a t i o n s  a r e  p r o d u c i n g  c e r a m i c  g r a d e s  o f  k a o l i n ,  i n many  
c a s e s  as a p r o d u c t  o f  k a o l i n i t i c  sand o p e r a t i o n s .  F i l l e r  
g r a d e  k a o l i n  i s  a l s o  p r o d u c e d  i n P o r t u g a l .  R e p o r t e d  
p r o d u c t i o n  i n 1988  a mount e d  t o  6 6 , 0 0 0  s h o r t  t o n s .
3 . 5 . 4  A f r i c a
R e p u b l i c  o f  S o u t h  A f r i c a  and S w a z i l a n d .  The  k a o l i n  
d e p o s i t s  o f  S o u t h  A f r i c a  ha v e  been d e r i v e d  f r o m t h e  
w e a t h e r i n g  o f  g r a n i t e ,  s h a l e ,  and t i l l i t e .  W i t h  t h e  
e x c e p t i o n  o f  t h e  l a r g e  d e p o s i t  o f  a l t e r e d  t i l l i t e  n e a r  
G r a h a m s t o w n ,  t h e  d e p o s i t s  a r e  s m a l l  bu t  o f  good c o l o r  and 
q u a l i t y .  T he  Gr aha m d e p o s i t  i s  v e r y  l a r g e  w i t h  r e s e r v e s  i n  
e x c e s s  o f  50 m i l l i o n  t o n s ;  h o w e v e r ,  t h e  q u a l i t y  r a n g e s  f r o m  
e x c e l l e n t  t o  v e r y  poor  o v e r  s h o r t  d i s t a n c e s ,  h o r i z o n t a l l y  
and v e r t i c a l l y .  L i m i t i n g  e x p l o i t a t i o n  o f  k a o l i n  d e p o s i t s  i s  
a l s o  t h e  s e v e r e  w a t e r  s h o r t a g e  w h i c h  e x i s t s  t h r o u g h o u t  S o u t h  
A f r i c a .  N e v e r t h e l e s s  k a o l i n  p r o d u c t i o n  has i n c r e a s e d  i n  
S o u t h  A f r i c a  and S w a z i l a n d  to mor e  t h a n  2 0 0 , 0 0 0  t o n s  in  
1 9 8 8 .  Most  p r o d u c t i o n  i s  used f o r  c e r a m i c s ,  and on a l e s s e r  
s c a l e ,  f o r  i n s e c t i c i d e s ,  r u b b e r ,  p a i n t s ,  p l a s t i c s ,  and 
pha r ma c e u t  i c a I s .
I n S w a z i l a n d ,  k a o l i n s  o f  e c o n o mi c  i m p o r t a n c e  a r e  f o u n d  
i n  t h e  M a I i I a n g a t s c h a  m o u n t a i n s  o f  t h e  M a n z i n i  d i s t r i c t
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( P a t t e r s o n  and M u r r a y ,  1 9 7 5 ) .  K a o l i n i z e d  d i k e s  r a n g e  in 
w i d t h  f r o m 3 to 10 m e t e r s ,  75 m e t e r s  i n d e p t h ,  and as much 
as 6 20  m e t e r s  in l e n g t h .  T he  k a o l i n  c o l o r  r a n g e s  f r o m w h i t e  
t o p a l e  r e d .  The  e n t i r e  p r o d u c t i o n  i s  e x p o r t e d  t o S o u t h  
A f r i c a .
O t h e r s .  O t h e r  A f r i c a n  c o u n t r i e s  w i t h  m i n o r  k a o l i n  
d e p o s i t s  o f  e c o n o mi c  i m p o r t a n c e  i n c l u d e  A n g o l a ,  E t h i o p i a ,  
K e n y a ,  N i g e r i a ,  T a n z a n i a ,  M a l a g a s y ,  M o z a m b i q u e ,  M o r o c c o ,  and 
E g y p t .  Of  most  i m p o r t a n c e  i s  E g y p t  w h e r e  k a o l i n  p r o d u c t i o n  
has i n c r e a s e d  s i g n i f i c a n t l y ,  a v e r a g i n g  a b o u t  1 4 0 , 0 0 0  t p y .
No r e p o r t e d  k a o l i n  o c c u r r e n c e s  a r e  a s s o c i a t e d  w i t h  t h e  
b a u x i t e  d e p o s i t s  i n c o u n t r i e s  such as G u i n e a ,  S i e r r a  L e o n e ,  
and Gh a n a .
3 . 5 . 5  As i a
S r i - L a n k a .  K a o l i n  d e p o s i t s  i n S r i  L a nka  o c c u r  i n t h e  
B o r a  I esgamuwa f i e l d ,  s o u t h  o f  Co l o mb o .  The  k a o l i n  i s  
s e d i m e n t a r y  and o c c u r s  i n  l a y e r s  and p o c k e t s  4 t o  19 f t  
t h i c k .  The  k a o l i n  p r o d u c e d  i s  used f o r  c e r a m i c s ,  p a p e r ,  
r u b b e r ,  and as an i n s e c t i c i d e  c a r r i e r .  P r o d u c t i o n  i s  o n l y  
a b o u t  8 , 0 0 0  t p y  and r e s e r v e s  a r e  s m a l l ,  e s t i m a t e d  a t  a b o u t  8  
m i l l i o n  t o n s .
I n d i a .  I n d i a  p o s s e s s e s  e x t e n s i v e  d e p o s i t s  o f  k a o l i n  i n  
a l m o s t  a l l  p a r t s  o f  t h e  c o u n t r y .  T h e  most  i m p o r t a n t
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o p e r a t i o n s  a r e  i n  t h e  B h a g a l p u r  and S i ng b h u m d i s t r i c t s  of  
B i h a r  and i n t h e  v i c i n i t y  o f  t h e  Q u i l o n ,  T r i v a n d r a m ,  and 
C a n n a o r e  d i s t r i c t s  of  K e r a l a .  T he  k a o l i n s  a r e  p r i m a r y  and 
o c c u r  i n  w e a t h e r e d  g r a n i t e .  The y  a r e  used d o m e s t i c a l l y  as  
f i l l e r  i n p a p e r  and as a c e r a m i c s  r aw m a t e r i a l .
I n d o n e s i a .  L a r g e  r e s i d u a l  k a o l i n  d e p o s i t s  a l t e r e d  f r om  
g r a n i t e  a r e  known t o  o c c u r  on t h e  i s l a n d s  o f  B e l i t u n g  and 
B a n k a .  L i t t l e  i s  known a b o u t  t h e  q u a l i t y .  P r o d u c t i o n  in 
I n d o n e s i a  has gr own a p p r e c i a b l y  i n r e c e n t  y e a r s  and t o t a l  
p r o d u c t i o n  i s  c u r r e n t l y  a r o u n d  1 5 4 , 0 0 0  s t p y .
I r a n .  T h e  l a r g e s t  p r i m a r y  k a o I  i n d e p o s i t s  in I r a n  a r e
i n t h e  c e n t r a l  p a r t  o f  t h e  c o u n t r y  n e a r  S i m a r o n .  R e s e r v e s  
a r e  e s t i m a t e d  a t  a r o u n d  15 m i l l i o n  t o n s  and c u r r e n t
p r o d u c t i o n  i s  e s t i m a t e d  a t  an a n n u a l  a v e r a g e  o f  1 1 0 , 0 0 0
s h o r t  t o n s  p e r  y e a r .
J a p a n .  L a r g e  p r i m a r y  and s e c o n d a r y  k a o l i n  d e p o s i t s  
o c c u r  i n J a p a n ,  s c a t t e r e d  t h r o u g h o u t  t h e  I s l a n d  w i t h  t h e  
l a r g e s t  d e p o s i t s  n e a r  N a g o y a ,  H i r o s h i m a ,  and Omur a .
S e c o n d a r y  d e p o s i t s  r a n g e  i n t h i c k n e s s  f r o m s e v e r a l  t e n s  of  
c e n t i m e t e r s  t o  a b o u t  20 m e t e r s .  The  r e s e r v e s  i n many  
d e p o s i t s  r a n g e  f r o m 5 t o 20 m i l l i o n  t o n s .
T he  n o m e n c l a t u r e  o f  c l a y s  i n  J a p a n  i s  u n i q u e ;  h o w e v e r ,  
many c l a y  m a t e r i a l s  p r o d u c e d  a r e  r e c o g n i z e d  as k a o l i n .  I n  
a d d i t i o n ,  a number  o f  o t h e r  k a o l i n i t i c  c l a y s  a r e  p r o d u c e d
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f o r  k a o l i n - t y p e  c o n s u m p t i o n .  R e p o r t e d  p r o d u c t i o n  o v e r  
r e c e n t  y e a r s  has a v e r a g e d  a r o u n d  2 0 0 , 0 0 0  s t p y  and i s  used  
f o r  r e f r a c t o r y  m a n u f a c t u r e ,  f i n e  c e r a m i c s ,  and f i l l e r  c l a y  
f o r  p a p e r ,  r u b b e r ,  p a i n t ,  and p l a s t i c s .
R e p u b l i c  o f  K o r e a .  P r i m a r y  and s e c o n d a r y  k a o l i n s  o c c u r  
i n K o r e a .  The  l a r g e s t  d e p o s i t s ,  c o n s i s t i n g  o f  a m i x t u r e  of  
k a o l i n i t e  and h a l l o y s i t e ,  a r e  i n t h e  H a d o n g - S a n c h o n g  a r e a  of  
s o u t h e r n m o s t  K o r e a .  B o t h  d r y  and w e t  b e n e f i c i a t i o n  me t h o d s  
a r e  used t o  p r o c e s s  t h e  k a o l i n  f o r  t h e  c e r a m i c ,  r e f r a c t o r y ,  
p a p e r ,  and r u b b e r  i n d u s t r i e s ,  d o m e s t i c a l l y  and f o r  e x p o r t .  
T h e  r e p o r t e d  f i g u r e  f o r  1988  i s  9 1 7 , 0 0 0  t p y .  ( M i n e r a l s  
Y e a r b o o k  1 9 8 8 )
M a l a y s i a .  L a r g e  r e s i d u a l  k a o l i n  d e p o s i t s  o c c u r  in  
M a l a y s i a ,  e a s t  o f  K u a l a  Lu mp u r ,  w i t h  t h e  ma i n  d e p o s i t s  
a r o u n d  I p o h .  M a l a y s i a  has gr own i n t o  a s i g n i f i c a n t  k a o l i n  
p r o d u c e r ,  p a r t i c u l a r l y  i n  s u p p o r t  o f  t h e  c o u n t r y ’ s r a p i d l y  
g r o w i n g  c e r a m i c s  i n d u s t r y .  C u r r e n t  p r o d u c t i o n  i s  a r o u n d
1 3 0 , 0 0 0  t p y .
P e o p l e s  R e p u b l i c  o f  C h i n a .  V e r y  l i t t l e  i s  known a b o u t  
t h e  k a o l i n s  o f  C h i n a ,  a l t h o u g h  C h i n a  has a l ong  h i s t o r y  o f  
e x p l o i t a t i o n  and u t i  I i z a t i o n  o f  k a o l i n .  Bo t h  p r i m a r y  and 
s e c o n d a r y  k a o l i n  d e p o s i t s  e x i s t .  T h e  l a r g e s t  and b e s t  
d e p o s i t  i s  n e a r  S u r n o u  i n t h e  J u n g s u  p r o v i n c e ,  h y d r o t h e r m a l  
i n o r i g i n  and w i t h  k a o l i n i t e  and h a l l o y s i t e  p r e s e n t .  T he
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k a o l i n  q u a l i t y  i s  such t h a t  a p a p e r  g r a d e  o f  s u p e r i o r  
q u a l i t y  can be p r o d u c e d .  Wet  p r o c e s s i n g  i s  used mor e  t h a n  
d r y  p r o c e s s i n g .  C h i n e s e  k a o l i n  i s  used p r i m a r i l y  i n t h e  
d o m e s t i c  e l e c t r i c ,  c e r a m i c s ,  and r e f r a c t o r y  i n d u s t r i e s .
T u r k e y .  Bo t h  p r i m a r y  and s e c o n d a r y  k a o l i n  d e p o s i t s  
e x i s t  i n T u r k e y .  R e s e r v e s  a r e  e s t i m a t e d  a t  2 . 5  m i l l i o n  
t o n s ,  m a i n l y  i n t h e  w e s t e r n  h a l f  o f  t h e  c o u n t r y .  K a o l i n  
p r o d u c t i o n  has i n c r e a s e d  s i g n i f i c a n t l y  i n r e c e n t  y e a r s .  
R e p o r t e d  k a o l i n  p r o d u c t i o n  i s  a r o u n d  2 3 1 , 0 0 0  s h o r t  t o n s .
O t h e r s .  K a o l i n  d e p o s i t s  and p r o d u c t i o n  o f  k a o l i n  has  
been r e p o r t e d  i n r e c e n t  y e a r s  i n P a k i s t a n ,  T h a i l a n d ,  T a i w a n ,  
S o u t h  V i e t n a m ,  and t h e  P h i l i p p i n e s .  K a o l i n  d e p o s i t s  i n t h e  
P h i l i p p i n e s  a r e  p r i m a r y ,  s m a l l ,  and s c a t t e r e d .  R e s e r v e s  a r e  
l i m i t e d  and t h e  q u a l i t y  o f  t h e  d e p o s i t s  i s  v a r i a b l e ,  m a k i n g  
m i n i n g  o p e r a t i o n s  m a r g i n a l .  P r o d u c t i o n  i s  s m a l l ,  l e s s  t h a n
2 0 , 0 0 0  t p y .
T h a i l a n d ’ s k a o l i n  p r o d u c t i o n  has i n c r e a s e d  e n o r m o u s l y  
i n r e c e n t  y e a r s  m a k i n g  t h e  c o u n t r y  a p r o m i n e n t  p r o d u c e r  in  
A s i a  w i t h  a b o u t  3 0 0 , 0 0 0  t p y .  I n 1 9 8 8 ,  r e p o r t e d  p r o d u c t i o n  
was a b o u t  2 9 7 , 0 0 0  t o n s .
3 . 5 . 6  O c e a n i a
A u s t r a l i a .  Most  o f  t h e  k a o l i n  d e p o s i t s  i n A u s t r a l i a  
a r e  p r i m a r y  and w e r e  f o r me d  as a r e s u l t  o f  d e e p  w e a t h e r i n g
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of  b o t h  a c i d i c  and b a s i c  r o c k s .  S e c o n d a r y  k a o l i n s  in 
w e s t e r n  A u s t r a l i a  a r e  a s s o c i a t e d  w i t h  t h e  c o a l  m e a s u r e s  o f  
t h e  C r e t a c e o u s  a g e .  M a j o r  s e d i m e n t a r y  k a o l i n  o c c u r s  b e n e a t h  
t h e  b a u x i t e  d e p o s i t s  on t h e  Cape  Y o r k  p e n i n s u l a  a t  W e i p a .
T he  q u a l i t y  good enough t o  be b e n e f i c i a t e d  t o  p r o d u c e  
c o a t i n g  g r a d e  k a o l i n .  Some o f  t h e  A u s t r a l i a n  k a o l i n s  a r e  
v e r y  w h i t e  and can be used r e a d i l y  as f i l l e r s  f o r  p a p e r ,  
p a i n t ,  p l a s t i c s ,  and r u b b e r .  The  b u l k  o f  t h e  k a o l i n  
p r o d u c e d  i s  used f o r  r e f r a c t o r i e s  and c e r a m i c s .  The  
v i s c o s i t y  o f  most  o f  t h e  k a o l i n s  ( e x c e p t  f o r  t h o s e  b e n e a t h  
t h e  b a u x i t e  d e p o s i t s  a t  W e i p a )  i s  v e r y  h i g h ,  p r o h i b i t i n g  use  
f o r  p a p e r  c o a t i n g .  K a o l i n  p r o d u c t i o n  i s  m o d e r a t e  a t  a b o u t
2 0 0 , 0 0 0  s t y .  A l t h o u g h  no p r e c i s e  e s t i m a t e s  o f  r e s e r v e s  ha ve  
be en  made,  t h e  t o t a l  amount  i s  known t o be v e r y  l a r g e .
New Z e a l a n d .  I n New Z e a l a n d ,  k a o l i n  o f  h y d r o t h e r m a l  
o r i g i n  o c c u r s  i n  t h e  N o r t h l a n d ,  some 120 km n o r t h  o f  
A u c k l a n d .  T h e  d e p o s i t s  a r e  a m i x t u r e  o f  k a o l i n i t e  and 
h a l l o y s i t e .  R e s e r v e s  a r e  e s t i m a t e d  a t  a b o u t  20 m i l l i o n  
t o n s .  The  k a o l i n  i s  v e r y  w h i t e  and b r i g h t  but  has a h i g h  
v i s c o s i t y  and i s  somewhat  a b r a s i v e ,  p r o h i b i t i n g  i t s  use  as a 
p a p e r  c o a t i n g  c l a y .  The  k a o l i n  i s  w e t  p r o c e s s e d  as a f i l l e r  
f o r  p a p e r  and p a i n t  and f o r  us e  i n c e r a m i c  w h i t e w a r e .
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C h a p t e r  4 
PREPARATI ON FOR MARKETS
4 . 1  T e c h n o l o g i c a l  D e v e l o p m e n t s
K a o l i n i t e ,  t h e  m a j o r  c o n s t i t u e n t  o f  k a o l i n  c l a y ,  
r e q u i r e s  a g r e a t  d e g r e e  o f  p r o c e s s i n g  i n p r e p a r a t i o n  f o r  use  
or  m a r k e t s .  B e c a u s e  o f  t h e  n e c e s s i t y  to p r o d u c e  l a r g e  
t o n n a g e s  of  u n i f o r m l y  h i g h  q u a l i t y  p r o d u c t s  t o  be used as 
p a p e r  c o a t i n g  c l a y  a n d / o r  f i l l e r  c l a y s ,  s e v e r a l  p r o c e s s i n g  
d e v e l o p m e n t s  h a v e  t a k e n  p l a c e  w h i c h  ha v e  d r a m a t i c a l l y  
a l t e r e d  t h e  b e n e f i c i a t i o n  p r o c e d u r e s  and e f f i c i e n c i e s ,  
e n a b l i n g  t h e  i n d u s t r y  t o  e n j o y  a s t e a d y  g r o w t h  s i n c e  1930  
( M u r r a y  1 9 8 0 ) .  I n t h e  f o l l o w i n g  some o f  t h e  mo r e  i m p o r t a n t  
p r o c e s s  d e v e l o p m e n t s  a r e  b r i e f l y  d i s c u s s e d :
4 . 1 . 1  D i s p e r s i o n  and F l o c c u l a t i o n  P r o c e d u r e s
I f  k a o l i n  i s  a g i t a t e d  and mi x e d  w i t h  w a t e r ,  t h e  s l u r r y  
i s  f l o c c u l a t e d  i n most  c a s e s  and t h e  p a r t i c l e s  g r o u p  
t o g e t h e r  i n f l o e s .  In o r d e r  f o r  t h e  k a o l i n i t e  t o  be  
s e p a r a t e d  f r o m m i n e r a l  i m p u r i t i e s  suc h  as q u a r t z  and m i c a  
and t o  be f r a c t i o n a t e d  i n t o  f i n e ,  me d i um,  and c o a r s e  g r a d e s ,  
t h e  s l u r r y  must  c o n s i s t  o f  i n d i v i d u a l  m i n e r a l  p a r t i c l e s  
s e p a r a t e d  f r o m e a c h  o t h e r  and s u s p e n d e d  i n w a t e r .  The  
k a o l i n i t e  p a r t i c l e s  e x h i b i t  o p p o s i t e  c h a r g e s  on t h e  e d ge s
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and f a c e s  o f  t h e  p l a t e s  w h i c h  a t t r a c t  e a c h  o t h e r  and f o r m  
f l o e s  ( Van O l p h e n ,  1 9 6 3 ) .  By a d d i n g  d i s p e r s i n g  a g e n t s  t h a t  
i o n i z e  and a b s o r b  on t h e  c h a r g e d  k a o l i n  p l a t e s  and s t a c k s ,  
t h e  p a r t i c l e s  become s i m i l a r l y  c h a r g e d  and r e p e l  e a c h  o t h e r ,  
c r e a t i n g  a v e r y  f l u i d ,  we I I - d i s p e r s e d  s l u r r y  t h a t  can be 
e f f i c i e n t l y  p r o c e s s e d  ( Van Wa z e r  and B e s m e r t n u k ,  1 9 5 0 ) .  The  
d e v e l o p m e n t  of  t h e  t e c h n i q u e s  t o d i s p e r s e ,  f l o c c u l a t e ,  and 
d e f l o c c u l a t e  k a o l i n  s l u r r y  e n a b l e  mor e  e f f i c i e n t  p r o c e s s i n g  
t e c h n i q u e s  t o  be u t i l i z e d .
4 . 1 . 2  Cont i nuous  Bi unger s
B l u n g i n g  i s  t h e  m i x i n g  o f  t h e  mi n e d  k a o l i n  w i t h  w a t e r  
and d i s p e r s i n g  a g e n t s  and v i g o r o u s l y  a g i t a t i n g  t h e  m i x t u r e s  
u n t i l  t h e  i n d i v i d u a l  p a r t i c l e s  a r e  s e p a r a t e d  f r o m e a c h  o t h e r  
and s u s p e n d e d  i n w a t e r .  The  d e v e l o p m e n t  o f  l a r g e  m o b i l e  
b i u n g e r s  t h a t  e n a b l e  c o n t i n u o u s  s l u r r y i n g  o f  up t o 100 t o n s  
o f  k a o l i n  p e r  ho u r  p e r  b l u n g e r  i s  an i m p o r t a n t  p r o c e s s  
d e v e I o p m e n t .
4 . 1 . 3  Rake C l a s s i f i e r s  and Hydr ocyc l ones
G r i t  i s  made up o f  p a r t i c l e s  t h a t  a r e  r e t a i n e d  on a 325
mesh s i e v e  ( 4 4  m i c r o n s ) .  The  d e v e l o p m e n t  o f  c o n t i n u o u s  r a k e
c l a s s i f i e r s  a n d / o r  h y d r o c y c l o n e s  to r e move  t h e  g r i t  i s  an
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i m p o r t a n t  d e v e l o p m e n t .  P r i o r  t o  t h i s  d e v e l o p m e n t ,  l a r g e r
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p a r t i c l e s  w e r e  s e t t l e d  o u t  i n  huge v a t s  a f t e r  p a s s i n g  t h e  
s l u r r y  t h r o u g h  c o a r s e  s c r e e n s .  The  common t e r m f o r  t h e s e  
d e g r i t t e r s  a r e  s a n d b o x e s ,  i n w h i c h  d i s p e r s e d  s l u r r y  i s  f ed  
a t  a c o n t r o l l e d  r a t e ,  p e r m i t t i n g  p a r t i c l e s  c o a r s e r  t h a n  44  
m i c r o n s  t o  s e t t l e  o u t  b e f o r e  t h e  s l u r r y  r e a c h e s  t h e  o v e r f l o w  
w e i r  a t  t h e  end o f  t h e  b o x .  The  c o a r s e  p a r t i c l e s  a r e  
s c r a p e d  o u t  by w i p e r  b l a d e s  a t t a c h e d  t o  c h a i n s  p u l l i n g  t hem 
a l o n g  t h e  b o t t o m  o f  t h e  b o x .  The  f l a k e - s h a p e d  m i c a  
p a r t i c l e s  do n o t  s e t t l e  as r a p i d l y  as t h e  e q u i d i m e n s i o n a I  
q u a r t z  g r a i n s ,  so many o f  t h e  m i c a  p a r t i c l e s  f l o w  o v e r  t h e  
w e i r  w i t h  t h e  k a o l i n  s l u r r y  and must  be r emoved by v i b r a t i n g  
s c r e e n s  i n t o  w h i c h  t h e  s l u r r y  i s  f ed  a f t e r  p a s s i n g  t h r o u g h  
t h e  s a n d b o x e s .
4 . 1 . 4  P i p e l i n e  T r a n s p o r t a t i o n
I n t h e  m i d - 1 9 4 0 s ,  p i p e l i n e  t r a n s p o r t  f r o m t h e  m i n e s  t o  
t h e  p r o c e s s i n g  p l a n t  was  i n i t i a t e d .  B e c a u s e  t h e  k a o l i n  
s l u r r y  i s  d e g r i t t e d  a t  t h e  m i n e ,  t h e  s l u r r y  ( 6 5 %- 7 0 %)  i s  
p r a c t i c a l l y  n o n a b r a s i v e  and by pumpi ng  i t  t h r o u g h  p i p e s  of  
u s u a l l y  8 t o  12 i n c h e s  d i a m e t e r ,  a t  v e l o c i t i e s  o f  a t  l e a s t  3 
f e e t  pe r  s e c o n d ,  t h e  k a o l i n  p a r t i c l e s  do n o t  s e t t l e  o u t  i n  
t h e  l i n e .  V e r y  l a r g e  t o n n a g e s  can be t r a n s p o r t e d  t h r o u g h  
t h e  p i p e l i n e s  a t  a f r a c t i o n  o f  t h e  c o s t  o f  t r u c k  t r a n s p o r t  
f r o m  t h e  m i n e  t o  t h e  p l a n t .
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4 . 1 . 5  C o n t i n u o u s  C e n t r i f u g e s
The  d e v e l o p m e n t  o f  c o n t i n u o u s  b o w l - t y p e  c e n t r i f u g e s  
a l l o w e d  t h e  w h o l e  s i z e  r a n g e  o f  k a o l i n  p a r t i c l e s  t o  be 
s e p a r a t e d  i n t o  f i n e  and c o a r s e  f r a c t i o n s  w i t h  t h r o u g h - p u t s  
up t o  mor e  t h a n  25 t o n s  p e r  h o u r  p e r  m a c h i n e .  P r i o r  t o t h i s  
d e v e l o p m e n t  t h e  k a o l i n  s l u r r y  was pumped i n t o  l a r g e  v a t s ,  
s e t t l i n g  o u t  t h e  c o a r s e  and d r a i n i n g  o f f  t h e  f i n e s .  T h i s  
o l d  p r o c e d u r e  was t i m e - c o n s u m i n g  and l a b o r - i n t e n s i v e  and t h e  
s i z e  f r a c t i o n s  w e r e  n o t  as c l e a n  and s h a r p  as t h e y  a r e  f r o m  
c o n t i n u o u s  c e n t r i f u g a t i o n .  The  c o n t i n u e d  r e f i n e m e n t  of  
t h e s e  c e n t r i f u g e s  has p e r m i t t e d  t h e  d e v e l o p m e n t  o f  many new 
g r a d e s  o f  e i t h e r  c o a r s e ,  i n t e r m e d i a t e ,  or  f i n e  p a r t i c l e  
s i z e s .
4 . 1 . 6  C h e m i c a l  L e a c h i n g  P r o c e s s e s
The  k a o l i n  as mi n e d  may h a v e  a s l i g h t  p i n k ,  y e l l o w ,  o r  
g r a y  t i n t  i n d i c a t i n g  w h e t h e r  or  n o t  i r o n ,  i n t h e  f o r m of  
h y d r a t e d  o x i d e s  t h a t  c o a t  k a o l i n  p a r t i c l e s ,  i s  o x i d i z e d  or  
r e d u c e d .  P i n k  and y e l l o w  t i n t e d  k a o l i n s  a r e  t r e a t e d  by 
l o w e r i n g  t h e  pH o f  t h e  s l u r r y  t o  a b o u t  3 w i t h  s u l f u r i c  a c i d  
w h i c h  s o l u b i l i z e s  t h e  i r o n .  A s t r o n g  r e d u c i n g  a g e n t  i s  
added w h i c h  r e d u c e s  t h e  i r o n  and t h e n  c o mb i n e s  w i t h  t h e  
s u l f a t e  r a d i c a l  t o  f o r m a s o l u b l e  i r o n  s u l f a t e .  G r a y  
c o l o r e d  c l a y s  a r e  t r e a t e d  u s i n g  a s t r o n g  a g e n t  t o o x i d i z e
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t h e  i r o n ,  a f t e r  w h i c h  t h e  k a o l i n  can be p r o c e s s e d  u s i n g  t h e  
r e g u l a r  o x i d i z i n g  l e a c h i n g  p r o c e s s .  L e a c h i n g  i r o n  f r o m t h e  
k a o l i n  i m p r o v e s  b r i g h t n e s s  ( f r o m  a b o u t  85 t o  8 8 )  and c o l o r  
o f  t h e  p r o d u c t .
4 . 1 . 7  F l o t a t i o n  Techni ques
G r e e n  and Duke  ( 1 9 6 2 )  d e v e l o p e d  a p r o c e s s  o f  u l t r a  
f l o t a t i o n  w h i c h  r e move s  s i g n i f i c a n t  q u a n t i t i e s  of  
i m p u r i t i e s ,  p a r t i c u l a r l y  t i t a n i u m  m i n e r a l  i m p u r i t i e s ,  f r o m  
t h e  f i n e  p a r t i c l e  k a o l i n .  T h i s  t e c h n i q u e  p e r m i t s  t h e  
p r o d u c t i o n  o f  90 b r i g h t n e s s  k a o l i n s  w i t h  e x c e l l e n t  
wh i t e n e s s .
4 . 1 . 8  Del  ami n a t i o n
I n t h e  l a t e  1 9 5 0 s  t h e  U . S .  B u r e a u  o f  M i n e s  f ound  t h a t  
c o a r s e  s t a c k s  o f  k a o l i n  c o u l d  be s h e a r e d  t o p r o d u c e  a f i n e  
p a r t i c l e  s i z e  p r o d u c t  ( F e l d  and Cl emmons,  1 9 6 3 ) .  T h e r e a f t e r  
k a o l i n  c o m p a n i e s  d e v e l o p e d  p r o c e s s e s  t o d e l a m i n a t e  t h e  
c o a r s e  k a o l i n  t h a t  was b e i n g  used i n l o w - p r i c e d  f i l l e r  c l a y s  
o r  b e i n g  d i s c a r d e d  i n i m p o u n d i n g s  as w a s t e .  The  d e l a m i n a t e d  
k a o l i n  i s  c o m p r i s e d  o f  t h i n  p l a t e s  o f  l a r g e  d i a m e t e r  w h i c h  
a r e  used t o  c o a t  r o u g h  b a s e s h e e t s  o f  p a p e r .  I n  a d d i t i o n ,  
b r i g h t n e s s  and c o l o r  o f  d e l a m i n a t e d  c l a y  i s  v e r y  good  
b e c a u s e  t h e  c l e a n  new b a s a l  p l a n e  s u r f a c e s  a r e  w h i t e ,  n o t
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i r o n  s t a i n e d .  T h e s e  d e i a m i n a t i o n  p r o c e s s e s  h a v e  e n a b l e d  t h e  
i n d u s t r y  t o c o n v e r t  a l o w - p r i c e d  c o a r s e  f i l l e r  c l a y  i n t o  a 
h i g h - p r i c e d  s p e c i a l  c o a t i n g  c l a y .
4 . 1 . 9  Hi gh G r a d i e n t  Ma gne t i c  S e p a r a t i o n
A h i g h  g r a d i e n t  m a g n e t i c  s e p a r a t i o n  p r o c e s s  d e v e l o p e d  
by l a n n i c e l l i  ( 1 9 7 6 )  u s e s  a c a n i s t e r  f i l l e d  w i t h  f i n e  
s t a i n l e s s  s t e e l  wool  t h a t  r emove s  i r o n  t i t a n i u m  and mi c a  
p a r t i c l e s  f r o m k a o l i n  s l u r r y ,  i m p r o v i n g  b r i g h t n e s s  and 
c o l o r .  T h i s  p r o c e s s  p r o d u c e s  89 t o  90 b r i g h t n e s s  c o a t i n g  
c l a y  o r  can be used to u p g r a d e  m a r g i n a l  l ow b r i g h t n e s s  c r u d e  
k a o l i n s .  T h i s  d e v e l o p m e n t  was a s i g n i f i c a n t  p r o c e s s  
b r e a k t h r o u g h  i n t h a t  i t  d r a m a t i c a l l y  i n c r e a s e d  t h e  e c o n o mi c  
k a o l i n  r e s e r v e s  i n a r e a s  w h e r e  t h i s  t e c h n i q u e  c o u l d  be 
e m p I o y e d .
4 . 1 . 1 0  De wa t e r i n g  of  Hi gh S o l i d s
T h e  c o s t  o f  d r y i n g  i s  t h e  most  e x p e n s i v e  p r o c e s s  s t e p .  
T he  mo r e  w a t e r  t h a t  can be r emoved by f i l t r a t i o n ,  t h e  l o w e r  
t h e  c o s t  o f  d r y i n g .  The  d e v e l o p m e n t  o f  t h e  l a r g e  r o t a r y  
vacuum f i l t e r s  w i t h  a r o l l  d i s c h a r g e  was a s i g n i f i c a n t  
p r o c e s s  d e v e l o p m e n t  t h a t  r e s u l t e d  i n  much l o we r  l a b o r  c o s t  
and i mp r o v e d  t h e  p r o d u c t i o n  r a t e s .  A n o t h e r  p r o c e s s ,  t h e  
h i g h  p r e s s u r e  t u b e  p r e s s  e n a b l e s  k a o l i n  p r o d u c e r s  to p r o d u c e
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c a k e  s o l i d s  o f  70% t o  80%,  p a r t i c u l a r l y  i n c l a y s  w i t h  a 
s m a l l  p e r c e n t a g e  o f  u l t r a f i n e  p a r t i c l e s .
4 . 1 . 1 1  Spray Dry i ng
A d a p t i n g  s p r a y  d r y e r s  was a n o t h e r  s i g n i f i c a n t  p r o c e s s  
d e v e l o p m e n t ,  e n a b l i n g  p r o d u c e r s  to p r o d u c e  a f i n i s h e d  
p r o d u c t  c o n t a i n i n g  l e s s  t h a n  1% m o i s t u r e .  S p r a y  d r i e d  
k a o l i n  i s  composed o f  t i n y  s p h e r e s  w i t h  a b u l k  d e n s i t y  of  
a b o u t  45 l bs  p e r  c u b i c  f o o t  t h a t  w i l l  f l o w  f r e e l y  f r o m  
s i l o s ,  b i n s ,  o r  r a i l r o a d  h o p p e r  c a r s .  S p r a y  d r y i n g  e n a b l e s  
k a o l i n  c o m p a n i e s  t o  u t i l i z e  1 0 0 - t o n  c a p a c i t y  h o p p e r  c a r s  
w h i c h  can be e a s i l y  u n l o a d e d .
4 . 1 . 1 2  B a c t e r i a c i d e s  and S t a b i l i z e r s
The  d e v e l o p m e n t  o f  b a c t e r i a c i d e s  and s t a b i l i z e r s  f o r  
t h e  d i s p e r s i o n  c h e m i c a l s  h a v e  p e r m i t t e d  s l u r r y  c l a y s  t o be 
s h i p p e d  o v e r  l a r g e  d i s t a n c e s .  The  k a o l i n  i s  s h i p p e d  i n t a n k  
c a r s  a t  70% s o l i d s .  T h i s  p e r c e n t a g e  o f  s o l i d s  i s  h i g h  
e nough t o p r e v e n t  s e t t l i n g  i n t o  a d i l a t a n t  c a k e  ( p r o v i d e d  
t h e  k a o l i n  i s  f u l l y  d i s p e r s e d ) .  B e c a u s e  o f  t h e  r e s u l t i n g  
e n e r g y  and l a b o r  c o s t  s a v i n g s ,  e a s i e r  h a n d l i n g ,  and no d u s t  
p r o b l e m s ,  t h i s  d e v e l o p m e n t  i s  o f  g r e a t  i m p o r t a n c e .
T - 3 9 8 0
4 . 1 . 1 3  P u g g i n g  o r  W o r k i n g  t h e  K a o l i n
I n a d d i t i o n  to b r i g h t n e s s  and c o l o r ,  v i s c o s i t y  i s
a n o t h e r  c r i t i c a l  s p e c i f i c a t i o n  f o r  c o a t i n g  c l a y s .  I t  was
f ound t h a t  by p u g g i n g  t h e  k a o l i n  a t  h i g h  s o l i d s  (Mi  l i m a n  and 
W h i t l e y ,  1 9 5 9 )  o r  m i x i n g  t h e  c l a y  a t  h i g h  s o l i d s  i n a h i g h  
spee d  m i x e r  so t h a t  i n t e n s i v e  s h e a r  i s  d e v e l o p e d ,  t h e  
v i s c o s i t y  o f  t h e  k a o l i n  i n many c a s e s  c o u l d  be r e d u c e d .
T h i s  p r o c e s s  e n a b l e d  t h e  u t i l i z a t i o n  o f  m a r g i n a l  k a o l i n s ,  
r e s u l t i n g  i n i n c r e a s e d  e c o n o mi c  r e s e r v e s .  S t i l l  much mor e  
r e s e a r c h  i s  r e q u i r e d  t o f u r t h e r  l o we r  t h e  v i s c o s i t y  of  
k a o l i n s  w i t h  medi um and h i g h  v i s c o s i t y  v a l u e s  i n o r d e r  t o  
make t hem u s e a b l e  f o r  p a p e r  c o a t i n g s  ( M u r r a y ,  1 9 8 0 ) .
4 . 1 . 1 4  C a I c  i n i ng
By h e a t i n g  k a o l i n  t o 1 0 0 0 ° C  or  s l i g h t l y  h i g h e r ,  
s i g n i f i c a n t  p h y s i c a l  and o p t i c a l  c h a n g e s  t a k e  p l a c e .  T he  
b r i g h t n e s s  i n c r e a s e s  s i g n i f i c a n t l y .  N o r m a l l y  an 85 
b r i g h t n e s s  f e d  t o  t h e  c a l c i n e r  w i l l  r e s u l t  i n  a 90 t o  92  
b r i g h t n e s s  p r o d u c t .  O p a c i t y  o r  c o v e r i n g  a b i l i t y  i s  i mp r o v e d  
and h a r d n e s s  i s  i n c r e a s e d .  C a l c i n e d  k a o l i n  p r o d u c t s  a r e  now 
an i m p o r t a n t  p a r t  o f  t h e  p r o d u c t  mi x  t h a t  has  r e s u l t e d  i n  
new and h i g h e r  p r i c e d  p r o d u c t s .
A new p r o c e s s ,  e I e c t r o p h o r i c  f i l t r a t i o n ,  i s  b e i n g  p i l o t  
t e s t e d .  I f  s u c c e s s f u l  t h i s  w i l l  be an i m p o r t a n t  d e v e l o p m e n t
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as i t  means t h a t  f o r  most  p r o d u c t s  d r y i n g  w i l l  be
e l i m i n a t e d .  S l u r r y  c l a y s  w i t h  70% s o l i d s  w i l l  be a b l e  t o be
p r o d u c e d  d i r e c t l y  w i t h o u t  m i x i n g  d r y  c l a y ,  and i t  w i l l  be
p o s s i b l e  t o s h i p  w i t h  15% m o i s t u r e  d i r e c t l y  f r o m t h e  f i l t e r .
A number  o f  o t h e r  i n - h o u s e  t e c h n i c a l  d e v e l o p m e n t s  in 
m a j o r  k a o l i n  p r o d u c i n g  c o m p a n i e s  e n a b l e  t hem to  
c o m p e t i t i v e l y  p r o d u c e  c u s t o m made,  h i g h  q u a l i t y  k a o l i n  
p r o d u c  t s .
4 . 2  M i n i n g  and B e n e f i c i a t i o n
P r e p a r a t i o n  o f  k a o l i n  f o r  t h e  m a r k e t  can be d i v i d e d  
i n t o  two m a j o r  a c t i v i t i e s ,  m i n i n g  and p r o c e s s i n g .
4 . 2 . 1  Mi n ing
K a o l i n  m i n i n g  i s  a h i g h l y  s o p h i s t i c a t e d  m e c h a n i z e d  
o p e r a t i o n .  C o n s i d e r a t i o n s  f o r  a m i n i n g  o p e r a t i o n  i n c l u d e  
t h e  f o I  I owi  n g :
Depos i t v a l u a t i o n  
M i n i n g  p l a n s  p r e p a r a t i o n  
C l e a r i n g  & o v e r b u r d e n  r e mo va l
Land r e c l a m a t i o n  p r o g r a m  and e n v i r o n m e n t a l  c o n t r o l
Q u a l i t y  c o n t r o l  ( d e t a i l e d  d r i l l i n g  and m a p p i n g )
M i n i n g ,  b l u n g i n g ,  d e g r i t t i n g ,  o r e  t r a n s p o r t  and 
s t o r a g e
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A f t e r  a v a l u a t i o n  has c o n f i r m e d  t h a t  t h e  d e p o s i t  can be 
b e n e f i c i a t e d  t o meet  t h e  n e c e s s a r y  p r o d u c t  s p e c i f i c a t i o n s ,  
p r e p a r a t i o n s  a r e  made f o r  m i n i n g .  O v e r b u r d e n  i s  r e move d ,  
e x p o s i n g  t h e  t o p  o f  t h e  k a o l i n  b o d y .  B r i g h t n e s s  and 
v i s c o s i t y  can v a r y  m a r k e d l y ,  b o t h  v e r t i c a l l y  and 
h o r i z o n t a l l y  w i t h i n  a k a o l i n  d e p o s i t ,  r e q u i r i n g  e x t e n s i v e  
c o r e  d r i l l i n g  p r i o r  t o  e x c a v a t i o n .  T h i s  d e t a i l e d  d r i l l i n g  
p r o v i d e s  i n f o r m a t i o n  on q u a l i t y  v a r i a t i o n s  w i t h i n  t h e  
d e p o s i t ,  so t h a t  a p r e d e t e r m i n e d  m i n i n g  p l a n  can be p r e p a r e d  
and f o l l o w e d  t h a t  w i l l  me e t  t h e  r e q u i r e m e n t s  of  t h e  
b e n e f i c i a t i o n  p l a n t .  T h i s  p h a s e  i n t h e  m i n i n g  o f  t h e  k a o l i n  
i s  o f  g r e a t  i m p o r t a n c e  i f  t h e  t r e a t m e n t  o f  t h e  k a o l i n  
f o l l o w e d  by t h i s  p h a s e  i s  t h e  d r y  p r o c e s s  m e t h o d .
The  k a o l i n  i s  mi n e d  u s i n g  a v a r i e t y  o f  s u r f a c e  m i n i n g  
e q u i p m e n t :  s h o v e l s ,  d r a g l i n e s ,  f r o n t - e n d  l o a d e r s ,  d o z e r s ,  
and s c r a p e r s .  I f  t h e  k a o l i n  i s  t o be d r y  p r o c e s s e d  t h e  
mi n e d  k a o l i n  i s  l o a d e d  i n t o  t r u c k s  f o r  t r a n s p o r t  t o  a 
p r o c e s s i n g  p l a n t .  I f  we t  p r o c e s s i n g  i s  to be used t h e  mi n e d  
k a o l i n  i s  d r o p p e d  i n t o  a s t a t i o n a r y  b l u n g e r ,  or  d r o p p e d  i n t o  
a p o r t a b l e  b l u n g e r  l o c a t e d  a t  t h e  p i t  ( m i n e  a r e a ) .  The  
b l u n g e r  s e p a r a t e s  k a o l i n  i n t o  s m a l l  p a r t i c l e s  and m i x e s  i t  
w i t h  w a t e r  and a d i s p e r s i n g  c h e m i c a l ,  u s u a l l y  a s o d i u m  
p o l y p h o s p h a t e  o r  s o d i u m s i l i c a t e ,  t o  f o r m a c l a y  w a t e r  
s l u r r y  w i t h  s o l i d s  f r o m 30% t o  70%.  F o l l o w i n g  b l u n g i n g ,  t h e
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s l u r r y  i s  pumped t o  a d e g r i t t i n g  s t a t i o n  w h e r e  t h e  c o a r s e  
m a t e r i a l  i s  s c r e e n e d  o u t  and d i s c a r d e d .  The  d e g r i t t i n g  
p r o c e s s  r e move s  t h e  c o a r s e r ,  mor e  a b r a s i v e  m i n e r a l s  f r o m t h e  
s l u r r y  u s i n g  d r a g  and bowl  c l a s s i f i e r s  o r  h y d r o c y c l o n e s .  
A f t e r  d e g r i t t i n g ,  t h e  k a o l i n  s l u r r y  i s  c o l l e c t e d  i n l a r g e  
s t o r a g e  t a n k s  w i t h  a g i t a t o r s  f r o m w h i c h  i t  w i l l  be pumped 
t h r o u g h  p i p e l i n e s  t o  t h e  b e n e f i c i a t i o n  p l a n t .  I n t h e  c a s e  
o f  d r y  p r o c e s s i n g ,  t h e  mi n e d  k a o l i n  i s  s t o c k p i l e d ,  c o v e r e d  
o r  u n c o v e r e d .
Two b a s i c a l l y  d i f f e r e n t  p r o c e s s e s  a r e  us ed  t o  p r o d u c e  
s a l a b l e  k a o l i n  p r o d u c t ,  a d r y  p r o c e s s  and a we t  p r o c e s s .
4 . 2 . 2  B e n e f i c i a t i o n
Two p r o c e s s e s ,  d r y  and w e t ,  a r e  used i n  t h e  
b e n e f i c i a t i o n  o f  k a o l i n .  T he  d r y  p r o c e s s  i s  s i m p l e  and 
c h e a p e r  t h a n  t h e  we t  p r o c e s s ,  bu t  p r o d u c e s  a l o we r  q u a l i t y  
p r o d u c t .  I n t h e  d r y  p r o c e s s  t h e  p r o p e r t i e s  o f  t h e  f i n i s h e d  
k a o l i n  r e f l e c t  g e n e r a l l y  t h e  p r o p e r t i e s  o r i g i n a l l y  f ound  i n  
t h e  c r u d e  k a o l i n .  H i g h e r  q u a l i t y  k a o l i n  d e p o s i t s  a r e  
p r o c e s s e d  t h i s  wa y ,  a l t h o u g h  h i g h e r  q u a l i t y  k a o l i n s  a r e  
e f f e c t i v e l y  used i n  t h e  w e t  p r o c e s s  as a b l e n d  t o  p r o d u c e  a 
u n i f o r m  q u a l i t y  p r o d u c t .
I n t h e  d r y  p r o c e s s ,  k a o l i n  r e c l a i m e d  f r o m t h e  s t o c k p i l e  
o r  d i r e c t l y  dumped i n t o  a h o p p e r  i s  s h r e d d e d  or  c r u s h e d  to
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p a r t i c l e s  e q u a l  t o or  l e s s  t h a n  t h e  s i z e  o f  an e g g .
F o l l o w i n g  s h r e d d i n g  or  c r u s h i n g ,  t h e  c r u d e  k a o l i n  c o n t a i n i n g  
2 0 % - 2 5% m o i s t u r e  i s  d r i e d ,  commonl y  i n a r o t a r y  d r y e r .
A f t e r  d r y i n g ,  t h e  k a o l i n  i s  p u l v e r i z e d  i n a r o l l e r  m i l l ,  
hammer m i l l ,  d i s k  g r i n d e r ,  or  some o t h e r  d i s i n t e g r a t i n g  
d e v i c e .  The  d i s i n t e g r a t e d  k a o l i n  may t h e n  be a i r - c I  a s s i f i e d  
t o  s e p a r a t e  t h e  f i n e  p a r t i c l e s  f r o m t h e  c o a r s e .  The  
a i r f l o a t i n g  p r o c e s s  a l s o  r e moves  most  o f  t h e  g r i t .  The  t op  
s i z e  can be c o n t r o l l e d  t o  a d e g r e e ,  a l l o w i n g  v a r i o u s  g r a d e s  
base d  on p a r t i c l e  s i z e  t o be p r o d u c e d .  F i g u r e  4 . 1  i s  a f l o w  
s h e e t  f o r  d r y  p r o c e s s i n g .
The  w e t  p r o c e s s ,  t h e  most  a p p l i c a b l e  t r e a t m e n t  of  
k a o l i n i t e  o r e s ,  has been h i g h l y  d e v e l o p e d  i n r e c e n t  y e a r s .  
C r u d e  k a o l i n  o f  v a r i a b l e  q u a l i t y  can be w e t  p r o c e s s e d  to  
p r o d u c e  a u n i f o r m ,  h i g h  q u a l i t y  p r o d u c t .
Fr om t h e  s t o r a g e  t a n k s  v a r i o u s  q u a l i t i e s  o f  k a o l i n  a r e  
pumped t o  a t e r m i n a l  t a n k  and b l e n d e d  t o  p r o v i d e  a f e e d  f o r  
t h e  b e n e f i c i a t i o n  p l a n t .
T he  f i r s t  s t e p  in t h e  we t  p r o c e s s  i s  f r a c t i o n a t i o n ;  t h e  
k a o l i n  s l u r r y  i s  f r a c t i o n a t e d  i n t o  two g r a d e s  o f  c l a y ,  a 
f i n e  f r a c t i o n  and a c o a r s e  f r a c t i o n .  T h i s  i s  a c c o m p l i s h e d  
w i t h  c o n t i n u o u s ,  h o r i z o n t a l  s o l i d - b o w l  c e n t r i f u g e s ,  
h y d r o c y c l o n e s ,  o r  h y d r o s e p a r a t o r s ,  o r  e v e n  g r a v i t y  s e t t l i n g  
b a s i n s .  The  c o a r s e  f r a c t i o n s  a r e  used as f i l l e r  i n p a p e r ,
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p l a s t i c s ,  p a i n t ,  and a d h e s i v e s ,  and t h e  f i n e  f r a c t i o n s  a r e  
used i n p a p e r  c o a t i n g s ,  h i g h  g l o s s  p a i n t s ,  i n k s ,  s p e c i a l  
c e r a m i c s  and r u b b e r .  I t  i s  a l s o  n o t  uncommon f o r  t h e  
d e g r i t t e d  s l u r r y  to be p a s s e d  t h r o u g h  a h i g h  g r a d i e n t  
m a g n e t i c  s e p a r a t o r  p r i o r . t o  c e n t r i f u g a t i o n  t o u p g r a d e  t h e  
c r u d e  c l a y  by r e m o v i n g  i r o n  and t i t a n i u m  m i n e r a l s .
U s u a l l y  f o l l o w i n g  f r a c t i o n a t i o n ,  t h e  b r i g h t n e s s  o f  t h e  
c l a y  i s  i mp r o v e d  by e i t h e r  l e a c h i n g ,  or  u I t r a f I o t a t i o n , or  
b o t h .  As shown i n f i g u r e  4 . 2 ,  t h e r e  a r e  many d i f f e r e n t  
s t e p s  p o s s i b l e  f o l l o w i n g  f r a c t i o n a t i o n .
I n s t e a d  o f  g o i n g  t o  t h e  l e a c h i n g  d e p a r t m e n t  or  
f l o t a t i o n  d e p a r t m e n t ,  t h e  k a o l i n  can go t h r o u g h  m a g n e t i c  
s e p a r a t i o n  and i n t o  t h e  d e l a m i n a t o r s  o r  d i r e c t l y  t o  t h e  
d e i a m i n a t o r s  and t h e n  to t h e  m a g n e t i c  s e p a r a t o r  or  t o t h e  
d e l a m i n a t o r s  w i t h o u t  any  m a g n e t i c  s t e p .
N a t u r a l  k a o l i n  i s  s t a i n e d  w i t h  i r o n  m i n e r a l s  and has a 
b r i g h t n e s s  o f  o n l y  79 t o  8 1 .  I r o n  s t a i n s  a r e  r emoved by 
l e a c h i n g  w i t h  a s t r o n g  r e d u c i n g  a g e n t ,  such as z i n c  or  
s o d i u m d i t h i o n i t e  o r  z i n c  h y d r o s u l f i t e .  An i mp r o v e me n t  of  
f o u r  t o s e v e n  b r i g h t n e s s  p o i n t s  u s u a l l y  r e s u l t s .  The  
d e w a t e r i n g  o f  t h e  f l o c c u l a t e d  k a o l i n  s l i p  as t h e  n e x t  s t e p  
i s  a c c o m p l i s h e d  by u s i n g  h i g h  s p ee d  c e n t r i f u g e s ,  l a r g e  
r o t a r y  vacuum f i l t e r s ,  o r  p l a t e  and f r a m e  f i l t e r  p r e s s e s .  
T h e  s o l u b l e  i r o n  s u l f a t e  i s  r emoved w i t h  t h e  f i l t r a t e  i n t h e
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W e t - P r o c e s s  F l o w s h e e t
S o u r c e :  U l i m a n n ’ s E n c y c l o p e d i a  of  I n d u s t r i a l  C h e m i s t r y ,  CLAY 
c h a p t e r  by Haydn H.  M u r r a y .
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d e w a t e r i n g  s t e p .  S o me t i me s  t h e  f l o c c u l a t e d  s l i p  i s  
t h i c k e n e d  by u s i n g  t h i c k e n e r s  o r  c e n t r i f u g e s  b e f o r e  
f i l t r a t i o n .  I n some c a s e s ,  t h e  i r o n  in t h e  k a o l i n  i s  i n a 
r e d u c e d  s t a t e  r a t h e r  t h a n  i n t h e  nor ma l  o x i d i z e d  s t a t e .
T h e s e  g r a y  k a o l i n s  a r e  t h e n  t r e a t e d  w i t h  a s t r o n g  o x i d i z i n g  
a g e n t  such as o z o n e  or  s o d i u m d i t h i o n a t e  p r i o r  t o  t h e  
a c i d i f i c a t i o n  and n o r ma l  r e d u c i n g  l e a c h  p r o c e d u r e  { M u r r a y ,  
1 9 8 3 ) .
C r u d e  k a o l i n  c o n t a i n s  t i t a n i u m - d i o x i d e  i n  t h e  f o r m of  
a n a t a s e  i n  a mount s  up t o  2 . 5 % ,  w h i c h  i m p a r t s  a c r e a my  y e l l o w  
c o l o r  t o  t h e  k a o l i n ,  and t h i s  c o l o r  i s  r e s i s t a n t  t o  
l e a c h i n g .  T he  u I t r a f I o t a t i o n  p r o c e s s  i s  used f o r  t h e  
r e mo v a l  o f  t h i s  m i n e r a l .  I n t h i s  p r o c e s s  an a u x i l i a r y  
m i n e r a l ,  such  as g r o u n d  l i m e s t o n e ,  i s  c o n d i t i o n e d  t o g e t h e r  
w i t h  t h e  k a o l i n  c l a y  u s i n g  r e a g e n t s  s u i t a b l e  f o r  f l o t a t i o n  
of  t h e  l i m e s t o n e  ( jsoda a s h ,  f a t t y  a c i d ,  f u e l  o i l ) ,  and t h e  
m i x t u r e  i s  f e d  t o  f l o t a t i o n  c e l l s .  T he  f r o t h  c o n t a i n i n g  t h e  
c o l l e c t e d  l i m e s t o n e  a l s o  c o n t a i n s  t h e  v e r y  f i n e  p a r t i c l e s  of  
a n a t a s e  a d h e r i n g  t o t h e  l i m e s t o n e  p a r t i c l e s .  K a o l i n i t e  
c l a y s  can  be p r o d u c e d  w i t h  a b r i g h t n e s s  o f  a b o v e  90 t h r o u g h  
t h e  us e  o f  t h i s  t e c h n i q u e  ( D e f o e ,  1 9 8 5 ) .  A f t e r  f i l t r a t i o n ,  
t h e  k a o l i n  f i l t e r  c a k e  can be e x t r u d e d  t o n o o d l e  f o r m and  
d r i e d  i n  a p r o n  d r y e r s  o r  r o t a r y  d r y e r s ,  or  i t  can be  
r e d i s p e r s e d  t o t h e  f l u i d  s t a t e  and s p r a y  d r i e d ,  dr um d r i e d ,
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or  s h i p p e d  i n s l u r r y  f o r m as 70% s o l i d s  i n t a n k s  c a r s .
I n t r o d u c t i o n  o f  t h e  h i g h  g r a d i e n t  m a g n e t i c  s e p a r a t i o n  
p r o c e s s  t o  t h e  k a o l i n  i n d u s t r y  has b r o a d e n e d  t h e  r a n g e  of  
p r o c e s s i n g  p o s s i b i l i t i e s .  T he  p r o c e s s  can  be used to  
u p g r a d e  a medi um g r a d e  k a o l i n  p r o d u c t  t o a p r e mi um g r a d e  
p r o d u c t ,  t o c l e a n  up t h e  c o a r s e  f r a c t i o n  s e p a r a t e d  by 
c e n t r i f u g i n g ,  or  t o  p r o c e s s  l ow q u a l i t y  m a t e r i a l  t h a t  w o u l d  
o t h e r w i s e  be u n e c o n o mi c  t o m i n e .
D e l a m i n a t e d  k a o l i n  i s  p r o d u c e d  by s p l i t t i n g  a p a r t  t h e  
l a r g e r  books  o r  s t a c k s  o f  K a o l i n ;  t h i s  y i e l d s  a p r o d u c t  i n  
w h i c h  t h e  i n d i v i d u a l  p l a t e s  t e n d  t o  be w i d e r ,  t h i n n e r ,  and 
w h i t e r .  T he  p r o c e s s e s  used f o r  d e l a m i n a t i o n  i n c l u d e  w e t -  
g r i n d i n g  and e x t r u s i o n .  D e l a m i n a t e d  k a o l i n  has s p e c i a l  
a p p l i c a t i o n  i n l i g h t  w e i g h t  p a p e r  c o a t i n g s ,  i n p a i n t s ,  and 
i n s p e c i a l  r u b b e r  a p p l i c a t i o n s .
C a l c i n a t i o n  i s  a n o t h e r  w i d e l y  used p r o c e s s  t o p r o d u c e  
s p e c i a l  p r o d u c t s  f r o m k a o l i n .  When k a o l i n  i s  h e a t e d  to  
a p p r o x i m a t e l y  1050  ° C ,  i t  i s  c o n v e r t e d  t o  m u l l i t e ,  s i l i c a -  
a l u m i n a  s p i n e l ,  and c r i s t o b a I i t e . The  p r o d u c t  i s  w h i t e r ,  
b r i g h t e r ,  has b e t t e r  h i d i n g  p r o p e r t i e s  when used i n t h i n  
f i l m  a p p l i c a t i o n s ,  and i s  mo r e  a b r a s i v e .  By p r o p e r  
s e l e c t i o n  o f  t h e  f e e d  k a o l i n  and c a r e f u l  c o n t r o l  o f  t h e  
c a l c i n a t i o n  and t h e  f i n a l  p r o c e s s i n g ,  t h e  a b r a s i v e n e s s  o f  
t h e  c a l c i n e d  p r o d u c t  can be r e d u c e d  t o  a c c e p t a b l e  l e v e l s .
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T he  b r i g h t n e s s  o f  t h i s  f u l l y  c a l c i n e d ,  f i n e  p a r t i c l e  k a o l i n  
i s  t h e n  9 2 - 9 5 % ,  d e p e n d i n g  on t h e  f e e d  m a t e r i a l .  I t  i s  used  
as an e x t e n d e r  f o r  t i t a n i u m  d i o x i d e  i n p a p e r  c o a t i n g  and 
f i l l i n g  and in p a i n t  and p l a s t i c  f o r m u l a t i o n s  ( M u r r a y ,
1 9 8 3 ) .
T h e r e  a r e  some o t h e r  s p e c i a l  p r o c e s s e s  used t o  m o d i f y  
t h e  s u r f a c e  o f  t h e  k a o l i n  c h e m i c a l l y  to i m p r o v e  i t s  f u n c t i o n  
i n many s y s t e m s ,  s u ch  as i n k ,  r u b b e r ,  p a i n t ,  and p l a s t i c .  
T h e s e  s u r f a c e - m o d i f i e d  k a o l i n s  e x h i b i t  h y d r o p h o b i c  or  
o r g a n o p h i l i c  c h a r a c t e r i s t i c s .
K a o l i n  i s  s h i p p e d  i n b u l k  f o r m i n b o x c a r s  and in 
c o v e r e d  h o p p e r  c a r s ,  and i n s l u r r y  f o r m i n t a n k  c a r s  or  i n  
t a n k  t r u c k s .  K a o l i n  i s  a l s o  s h i p p e d  i n 50 I b mu I t i - w a I  I 
bags i n b o x c a r s  o r  t r u c k s  when t h e  c u s t o m e r  c a n n o t  h a n d l e  
t h e  m a t e r i a l  i n b u l k .  E x p o r t  s h i p m e n t s  a r e  made i n b u l k  
o r e - t y p e  c a r r i e r s  i n  2 , 0 0 0  t o  1 5 , 0 0 0  t on  l o t s ,  i n e i t h e r  
l ump or  s p r a y  d r i e d - f o r m .  So me t i me s  e x p o r t s  a r e  p l a c e d  i n  
s p e c i a l  p a p e r  bags  o f  25 t o  50 k i l o  c a p a c i t y .
4 . 3  O p e r a t i n g  F a c t o r s
The  m a j o r  i n p u t s  i n t h e  p r o d u c t i o n  o f  k a o l i n  p r o d u c t s  
can be d i v i d e d  i n t o  t h o s e  c o s t s  a s s o c i a t e d  w i t h  t h e  m i n i n g  
a c t i v i t i e s  and t h o s e  a s s o c i a t e d  w i t h  t h e  b e n e f i c i a t i o n  
p r o c e s s e s .
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T he  m a j o r  i n p u t s  i n m i n i n g  a c t i v i t i e s  a r e  a s s o c i a t e d  
w i t h  a s u r f a c e  m i n i n g  o p e r a t i o n  as f o l l o w s :
Labo r 
Fue I
S u p p l i e s  ( d e s p e r s a n t )  & o t h e r s
C a p i t a l  c o s t s ,  f o r  e q u i p m e n t  and o r e  t r a n s p o r t  
f a c  i I i  t i es & s t o r a g e
Land r e c l a m a t i o n  & e n v i r o n m e n t a l  c o n t r o l  c o s t s  
T h e  v a r i a b l e  c o s t s  o f  t h e  m a r g i n a l  o p e r a t i o n  f o r  t h e  
p r o d u c t i o n  o f  k a o l i n  p r o d u c t s  a r e  a s s o c i a t e d  w i t h  t h e  a b o v e  
m e n t i o n e d  c o s t s  o f  w h i c h  o n l y  t h e  c a p i t a l  c o s t  and p a r t  of  
t h e  t r a n s p o r t a t i o n  c o s t  i s  f i x e d .  The  p o s i t i o n  o f  t h e  
m a r g i n a l  o p e r a t i o n  i s  d e t e r m i n e d  by t h e  t y p e  o f  d e p o s i t  
e x p l o i t e d ,  i t s  q u a l i t y  and l o c a t i o n .
I n b e n e f i c i a t i o n , k a o l i n  p l a n t s  can be v e r y  
c o m p e t i t i v e .  H e r e  t h e  m a j o r  i n p u t s  a r e  t h e  f o l l o w i n g :
Cap i t  a I Cos t 
E n e r g y
SuppI  i es ( Reagen t )
Labo r .
F o u r  c o s t s  d e t e r m i n e  t h e  c o m p e t i t i v e n e s s  o f  t h e  p l a n t :
E n e r g y
SuppI  i es
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Labo r
A v a i l a b l e  T e c h n o l o g y
T h e  c o m p e t i t i v e n e s s  of  t h e  p l a n t  i s  a l s o  d e t e r m i n e d  by 
t h e  q u a l i t y  o f  p r o d u c t  w h i c h  i s  p r o d u c e d ,  r e q u i r i n g  mor e  or  
l e s s  a d v a n c e d  p r o c e s s i n g  e q u i p m e n t .  T h e s e  k a o l i n  o p e r a t i n g  
c o s t s  a r e  s t r o n g l y  i n f l u e n c e d  by t h e  v a l u e  o f  t h e  d o l l a r .
T he  d o l l a r  i n f l u e n c e s  e n e r g y  p r i c e s  and c o n s e q u e n t l y  t h e  
p r i c e  o f  r e a g e n t s  and o t h e r  s u p p l i e s .  I n t h e  c a s e  o f  
e x p o r t s ,  t r a n s p o r t a t i o n  c o s t  i s  a l s o  i n f l u e n c e d  by t h e  v a l u e  
of  t h e  d o l l a r .
T h e r e  a r e  some p r i n c i p a l  d i f f e r e n c e s  i n t h e  
e x p l o i t a t i o n  o f  p r i m a r y  and s e c o n d a r y  d e p o s i t s .  P r i m a r y  
k a o l i n s  r e q u i r e  a p l a n t  n e a r  t h e  m i n i n g  a r e a  as i t  i s  
u n e c o n o mi c  t o t r a n s p o r t  m a t r i x  c o n t a i n i n g  o n l y  20% p r o d u c t  
o v e r  l a r g e  d i s t a n c e s .  S e c o n d a r y  k a o l i n  can be e x c a v a t e d  
f r o m a w i d e  v a r i e t y  o f  l o c a t i o n s  ( u t i l i z i n g  t h e  p o s s i b i l i t y  
of  b l e n d i n g )  w h i c h  may be s c a t t e r e d  o v e r  a l a r g e  a r e a .  The  
mi n e d  k a o l i n  can t h e n  be t r a n s p o r t e d  t o a c e n t r a l  r e f i n i n g  
p l a n t ,  o wi n g  t o  t h e  h i g h  r e c o v e r y  o f  p r o d u c t  ( 7 0  t o  80%)  i n  
most  s e d i m e n t a r y  k a o l i n s .
T r e a t m e n t  o f  b o t h  t y p e s  o f  k a o l i n s  f o l l o w s  t h e  same  
r o u t e  a f t e r  t h e  m i n i n g  p h a s e ,  a l t h o u g h  t h e r e  i s  u s u a l l y  mor e  
e x t e n s i v e  c o l o r  b e n e f i c i a t i o n  r e q u i r e d  f o r  s e d i m e n t a r y
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d e p o s i t s .  T h e  e x t r a  c o s t  o f  a l l  t h i s  t r e a t m e n t  i s  
c o m p e n s a t e d  by t h e  l o we r  c o s t  o f  e x t r a c t i o n .
E c o n o mi c  f a c t o r s  a f f e c t i n g  k a o l i n  p r o d u c t i o n  v a r y  in 
i m p o r t a n c e  w i t h  t y p e ,  q u a l i t y ,  and i n t e n d e d  end u s e .  
T r a n s p o r t a t i o n  c o s t s  a r e  c r i t i c a l ,  b u t  c o n s u me r s  ha ve  l i t t l e  
c h o i c e  when t h e y  r e q u i r e  t h e  h i g h  q u a l i t y  p r o d u c t  p r o d u c e d  
p r e d o m i n a n t l y  i n t h e  U n i t e d  S t a t e s  ( G e o r g i a )  and i n G r e a t  
B r i t a i n .  S h i p p i n g  c o s t s  ( t r a n s p o r t a t i o n  c o s t s )  many t i m e s  
e x c e e d  t h e  v a l u e  of  t h e  c l a y .  Be c a u s e  c r u d e  k a o l i n  i s  a 
r e l a t i v e  l o w - c o s t  p r o d u c t ,  m i n i n g  c o s t s  must  be k e p t  i ow.
The  c o s t  o f  c r u d e  k a o l i n  ( u n p r o c e s s e d )  v a r i e s  f r o m $4 t o up 
t o mor e  t h a n  $ 20  p e r  t on  f o r  some o f  t h e  h i g h e r  q u a l i t y  
m a t e r i a l s  b e c a u s e  o f  e x t r a  c o s t s  a s s o c i a t e d  w i t h  q u a l i t y  
c o n t r o l .  I n  1988  u n p r o c e s s e d  k a o l i n  p r i c e s  i n S o u t h  
C a r o l i n a  v a r i e d  b e t w e e n  $6 and $ 1 3  p e r  s h o r t  t o n ,  w h i l e  i n  
G e o r g i a ,  t h e  p r i c e  was 2 t o 3 t i m e s  h i g h e r .  He nc e  i n  
G e o r g i a  t h e  m a j o r i t y  o f  k a o l i n  p r o d u c t  p r o d u c e d  i s  o f  h i g h  
q u a l i t y  and c u s t o m t a i l o r e d .
P r o c e s s i n g  c o s t s  f o r  k a o l i n  a r e  d i f f i c u l t  t o a s s e s s  but  
p r i c e s  a r e  l i k e l y  t o  r e a c h  $ 2 0 0  o r  mor e  p e r  t on  f o r  some t op  
q u a l i t y  m a t e r i a l ,  e . g . ,  s p e c i a l  c o a t i n g  c l a y s .
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4 . 4  T h e  P r i c e  o f  K a o l i n
The  u n i q u e  p r o p e r t i e s  o f  k a o l i n  p r o v i d e  i t  w i t h  a w i d e  
r a n g e  o f  a p p l i c a t i o n s .  As a r e s u l t ,  numer ous  g r a d e s  o f  c l a y  
a r e  a v a i l a b l e  i n s e v e r a l  f o r ms  f r o m b u l k  a t  10% m o i s t u r e ,  
bags  a t  1% m o i s t u r e ,  and i n s l u r r y  f o r m .  U s u a l l y  c l a y s  a r e  
t a i l o r e d  t o s u i t  a p a r t i c u l a r  a p p l i c a t i o n  and p r i c e s  v a r y  
g r e a t l y  f o r  d i f f e r e n t  g r a d e s  ( t a b l e  4 . 1 ) .
U . S .  p r i c e s  o f  k a o l i n  g e n e r a l l y  show s t e a d y  g r o w t h  
a f t e r  t h e  1 9 3 0 s .  Fr om t h e  m i d - 1 9 6 0 s  t o t h e  m i d - 7 0 s  p r i c e s  
w e r e  s t a b l e ,  and h a v e  c o n t i n u e d  t o r i s e  s i n c e  t h e n .  D u r i n g  
t h e  w o r l d  r e c e s s i o n  i n 1 9 8 2 ,  k a o l i n  p r i c e s  d r o p p e d  s l i g h t l y .  
D u r i n g  t h e  r e c e s s i o n  o f  1 9 7 4 - 1 9 7 5  k a o l i n  p r i c e s  i n c r e a s e d ,  
m a i n l y  b e c a u s e  o f  i n c r e a s e d  p r o d u c t i o n  o f  h i g h e r  q u a l i t y  
k a o I i  ns .
The  U . S  k a o l i n  p r i c e  i s  mor e  o f  an a d m i n i s t e r e d  p r i c e  
t h a n  a c o m p e t i t i v e l y  s e t  p r i c e ,  e s p e c i a l l y  f o r  h i g h  q u a l i t y  
k a o l i n s .  K a o l i n  p r o d u c e d  i s  o f t e n  c u s t o m made,  l e a d i n g  to  
u n i q u e ,  l o c a l  p r o d u c e r  p r i c e s ,  d o m i n a t e d  by t h e  l a r g e r  
p r o d u c e r s :  E n g e l h a r d  C o r p o r a t i o n ,  J . M .  Hu b e r  C o r p o r a t i o n ,
ECC A m e r i c a ,  and some o t h e r  m i d - s i z e d  p r o d u c e r s .  P r i c e  
s c h e d u l e s ,  a l t h o u g h  n o t  c o m p l e t e ,  a r e  a v a i l a b l e  and  
r e g u l a r l y  p u b l i s h e d  i n  t h e  C h e m i c a l  M a r k e t i n g  R e p o r t e r .
T he  k a o l i n - p r o d u c i n g  c o m p a n i e s  i n E u r o p e ,  l ed  by 
E n g l i s h  C h i n a  C l a y  ( ECC)  o f  t h e  U n i t e d  Ki ngdom d o m i n a t e  t h e
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T a b l e  4 . 1
U . S  K a o l i n  P r i c e  as o f  De c embe r  3 0 ,  1988
W a t e r - w a s h e d ,  f u l l y  c a l c i n e d  b a g s ,  c a r l o a d  l o t s ,  f . o . b .
G e o r g i a ,  pe r  t o n --------------------------------------------------------------------------$ 3 0 5 . 0 0
C a l c i n e d ,  p a p e r - g r a d e ,
same b a s i s ,  p e r  t o n ------------------------------------------------------------------$ 4 5 0 . 0 0
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West  E u r o p e a n  m a r k e t  and p a r t  o f  t h e  w o r l d  m a r k e t .  B e s i d e s  
i t s  d o m e s t i c  o p e r a t i o n ,  ECC has i m p o r t a n t  i n t e r n a t i o n a l  
c o r p o r a t e  i n t e r e s t s  i n F r a n c e ,  S p a i n ,  P o r t u g a l ,  A u s t r a l i a ,  
B r a z i l ,  and t h e  U n i t e d  S t a t e s .  ECC i s  t h e  w o r l d ’ s l a r g e s t  
e x p o r t e r ,  and i t s  p r o d u c e r  p r i c e  s t r o n g l y  i n f l u e n c e s  t h e  
i n t e r n a t i o n a I  m a r k e t .  N o n e t h e l e s s ,  p r i c e  i s  i n f l u e n c e d  a l s o  
by d o m e s t i c  p r o d u c e r s  and o t h e r  s ma l l  e x p o r t e r s  in E u r o p e ,  
and by t h e  U . S .  e x p o r t  p r i c e .  In E n g l a n d  i t s e l f ,  t h e  k a o l i n  
i n d u s t r y  i s  v e r y  c o m p e t i t i v e .  The  p r o d u c t i o n  o f  t h e  t h r e e  
m e d i u m - s i z e d  p r o d u c e r s  goes  i n t o  t h e  d o m e s t i c  c e r a m i c s  and 
g l a s s  f i b e r  m a r k e t .  Some o f  t h e i r  h i g h  q u a l i t y  k a o l i n  i s  
m a r k e t e d  i n  E u r o p e .  The  I n d u s  t r i a l  M i n e r a l s  j o u r n a l  
p u b l i s h e s  m o n t h l y  t h e  a v e r a g e  p r i c e s  o f  c o a t e d  and f i l l e r  
g r a d e  kao t i n s .
K a o l i n  p r i c e  i s  i n f l u e n c e d  by t h e  q u a l i t y  o f  t h e  k a o l i n  
and t r a n s p o r t a t i o n  c o s t s .  F i g u r e  4 . 3  shows t h a t  t h e  c h a n g e s  
i n  k a o l i n  p r i c e  and c h a n g e s  i n k a o l i n  p r o d u c t i o n  i n t h e  U . S .  
w e n t  i n o p p o s i t e  d i r e c t i o n s  f r o m 1971 to 7 6 ,  and w e r e  i n  
c o n c e r t  f r o m 1976  t o  1 9 8 6 .  H i g h  s u p p l y  and l ow demand i n  
t h e  e a r l y  1 9 7 0 s  c a u s e d  k a o l i n  p r i c e s  to d r o p .  The  r e c e s s i o n  
f o l l o w i n g  t h i s  p e r i o d  r e s u l t e d  i n  a d r o p  i n  k a o l i n  
p r o d u c t i o n .  H o w e v e r ,  t h e  demand f o r  t h e  mor e  e x p e n s i v e  h i g h  
q u a l i t y  k a o l i n  was g a i n i n g  g r o u n d ,  l e a d i n g  t o  a n e t  i n c r e a s e  
i n t h e  o v e r  a I I
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F i g u r e  4 . 3
U . S . :  P e r c e n t a g e  Cha nge  i n C o n s t a n t  K a o l i n  P r i c e  ( 1 9 8 2  $ )  vs  
P e r c e n t a g e  Cha nge  in P r o d u c t i o n
T - 3 9 8 0
p r i c e  o f  k a o l i n  and c a u s i n g  t h e  phenomena o f  n e g a t i v e  
p r o d u c t i o n  c h a n g e  and p o s i t i v e  p r i c e  c h a n g e  i n 1 9 7 5 .  The  
r e c o v e r y  f o l l o w i n g  t h e  r e c e s s i o n  l ed t o  t h e  s i t u a t i o n  
w h e r e b y  t h e  k a o l i n  p r i c e  became u n d e r  i n f l u e n c e  o f  t h e  
d e m a n d / s u p p l y  r e l a t i o n s h i p ;  t h i s  i s  i l l u s t r a t e d  by t h e  
r e c e s s i o n  o f  1 9 8 2 .  I n 1985  t h e  k a o l i n  m a r k e t  was i n f l u e n c e d  
by a d e p r e s s e d  p a p e r  i n d u s t r y .
T he  p a p e r  i n d u s t r y ,  e s p e c i a l l y  f o r  l i g h t w e i g h t  c o a t e d  
p a p e r  p r o d u c t s ,  u n d e r p i n s  t h e  k a o l i n  m a r k e t ,  i n f l u e n c i n g  t h e  
g e n e r a l  p r i c e  of  k a o l i n  p r o d u c t s .
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C h a p t e r  5 
WORLD PRODUCTION OF KAOLI N
5 . 1  W o r l d  O v e r v i e w
W o r l d  p r o d u c t i o n  s t a t i s t i c s  f o r  k a o l i n  a r e  n o t  r e a d i l y  
a v a i l a b l e .  P u b l i s h e d  w o r l d  p r o d u c t i o n  f i g u r e s  must  be  
i n t e r p r e t e d  w i t h  c a r e ,  s i n c e  i n many c a s e s  i t  i s  u n c e r t a i n  
w h e t h e r  t h e  f i g u r e s  r e f e r  t o c r u d e  m a t r i x  dug or  t o t h e  
r e f i n e d  k a o l i n  p r o d u c t .  I n some c o u n t r i e s  t h e  r e p o r t e d  
f i g u r e s  i n c l u d e  l ow q u a l i t y  c l a y s  and o t h e r  k a o l i n i t i c  c l a y s  
us ed  as common c l a y s  f o r  t h e  m a n u f a c t u r e  o f  b r i c k s ,  t i l e s ,  
and s e we r  p i p e s .
As o f  1961 k a o l i n  w o r l d  p r o d u c t i o n  has i n c r e a s e d  o v e r  
300%,  f r o m 7 , 2 8 5 , 0 0 0  s h o r t  t o n s  i n 1961 t o  a b o u t  2 8 , 4 8 1 , 0 0 0  
s h o r t  t o n s  i n 1988  ( t a b l e  5 . 1 ,  f i g u r e  5 . 1 ,  and A p p e n d i x  
t a b l e s  A - 1,  A - 2 ,  A - 3 ) .  I n  t h e  ma i n  t h e  m a j o r  p r o d u c i n g  
c o u n t r i e s  ( a n d  c o m p a n i e s )  h a v e  r e m a i n e d  t h e  same o v e r  t h e  
y e a r s ,  w i t h  t h e  e x c e p t i o n  o f  B r a z i l  and S o u t h e a s t  A s i a .  
P r o d u c t i o n  f r o m B r a z i l  r o s e  f r o m 7 0 , 0 0 0  t p a  in t h e  m i d - 1 9 7 0 s  
t o a b o u t  7 0 0 , 0 0 0  t p y  a t  t h e  end o f  t h e  1 9 8 0 s .  I n S o u t h e a s t  
A s i a  k a o l i n  p r o d u c t i o n  has r i s e n  i n o r d e r  t o  s u p p o r t  r a p i d l y  
d e v e l o p i n g  l o c a l  c e r a m i c  i n d u s t r i e s  i n M a l a y s i a ,  I n d o n e s i a ,  
S o u t h  K o r e a ,  and C h i n a .
T - 3 9 8 0
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1961 3324652 377097 81921 112935 2806660 582166 7285431
1962 3452747 401714 53006 155449 2998157 601596 7662669
1963 3719350 492279 83319 164692 3214898 695013 8369551
1964 3785228 497951 136176 187223 3402138 730110 8738826
1965 3635446 524160 101611 206086 3693389 829481 8990173
1966 4080279 432320 102146 153626 4491919 911632 10171922
1967 4533568 590800 76643 195891 4059551 935900 10392353
1968 4769887 585760 161258 204126 4284582 892446 10898059
1969 4764988 579040 128979 234616 4837633 974108 11519365
1970 5016625 2372000 78207 618675 4547548 1039677 13672732
1971 4616751 2507000 103210 470416 4505243 1257613 13460233
1972 4813860 2709382 99559 807150 4895971 908427 14234349
1973 5334501 2849319 105078 770459 5531364 1298419 15889140
1974 6375842 2898600 115595 745018 5899372 1525679 17560106
1975 3838581 3180200 162732 509634 4959499 1310641 13961287
1976 4261497 3249800 156085 544419 5630361 1484938 15327100
1977 4506378 3373100 187472 591222 5948532 1523114 16129818
1978 4174167 3330000 241864 1495561 6371242 1579467 17192301
1979 4384957 4059758 254587 1366481 7117243 1723951 18906977
1980 4000270 4135950 265214 699227 7418744 1675556 18194961
1981 3947678 4167004 232165 824352 7157296 1578934 17907429
1982 3629146 4222128 214033 824822 5944084 1494331 16328544
1983 3720208 4337200 207686 683956 6714184 1686312 17349546
1984 4924000 5073000 390000 1809000 8097000 2558000 22851000
1985 6497000 5153000 354000 1964000 8104000 2604000 24676000
1986 6056000 5259000 340000 2237000 8854000 3043000 25789000
1987 6518000 5309000 361000 2393000 8994000 2920000 26495000
1988 6884000 5354000 465000 2491000 10127000 3160000 28481000
S o u r c e : M l n e r a I s  Y e a r b o o k ,  C l a y  c h a p t e r s ,  1 9 8 4 - 1 9 8 8 ,  U . S .  
B u r e a u  o f  M i n e s .  B r i t i s h  G e o l o g i c a l  S u r v e y ,  1 9 6 1 - 1 9 8 3 .
T - 3 9 8 0
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F i g u r e  5 . 1  
W o r l d  K a o l i n  P r o d u c t i o n
T - 3 9 8 0
As o f  1 9 8 8 ,  t h e  U n i t e d  S t a t e s  w i t h  35% o f  t h e  w o r l d  
p r o d u c t i o n  and t h e  U n i t e d  Ki ngdom w i t h  13% r e m a i n e d  t h e  
w o r l d ’ s l e a d i n g  p r o d u c e r s .  E a s t e r n  B l o c  c o u n t r i e s  
c o n t r i b u t e d  a r o u n d  19%; S o u t h / C e n t r a l  A m e r i c a ,  9%; and 
I n d i a ,  S o u t h  K o r e a ,  I n d o n e s i a ,  C h i n a ,  and M a l a y s i a  ( A s i a ) ,  
10%.  Mos t  m a j o r  p r o d u c e r s  h a v e  s h a r e d  i n t h e  g r o w t h  of  
k a o I i  n p r o d u c  t i o n .
5 . 1 . 1  E u r o p e
In E u r o p e ,  E n g l i s h  C h i n a  C l a y s  has e x p a n d e d  t o  
c o n s o l i d a t e  i t s  p o s i t i o n  as t h e  w o r l d ’ s l a r g e s t  s i n g l e  
p r o d u c e r  and e x p o r t e r .  E x p a n s i o n  o f  t h e  S p a n i s h  k a o l i n  
i n d u s t r y  a l s o  has  been r e m a r k a b l e .  As a w h o l e ,  k a o l  in 
p r o d u c t i o n  in E u r o p e  has i n c r e a s e d  f r o m 3 , 3 2 5 , 0 0 0  s h o r t  t o n s  
i n  1961 t o 6 , 8 8 4 , 0 0 0  s h o r t  t o n s  i n 1 9 8 8 .  The  U n i t e d  
K i n g d o m ’ s s h a r e  i s  a b o u t  54%.  S i g n i f i c a n t  i n c r e a s e s  a r e  
a l s o  r e c o r d e d  f o r  F r a n c e ,  West  Ge r ma n y ,  and P o r t u g a l ,  
a l t h o u g h  m a r k e t  c o n d i t i o n s  h a v e  f o r c e d  t h e  c l o s u r e  o f  many  
s m a l l  o p e r a t i o n s  t h r o u g h o u t  E u r o p e ,  p a r t i c u l a r l y  i n  S p a i n  
and F r a n c e .  Fr om 1971 t o  1980  k a o l i n  p r o d u c t i o n  i n  a l m o s t  
a l l  E u r o p e a n  c o u n t r i e s  d r o p p e d  an a v e r a g e  o f  a b o u t  13%.  The  
m a j o r  p r o d u c e r ,  t h e  U n i t e d  K i ngdom,  showed a s l i g h t  4% 
i n c r e a s e  d u r i n g  t h a t  p e r i o d .  O n l y  P o r t u g a l  showed a 
s i g n i f i c a n t  i mp r o v e me n t  and t h a t  o c c u r r e d  b e c a u s e  o f  t h e
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s t a r t  up o f  new p r o d u c t i o n  f a c i l i t i e s .  A f t e r  t h e  r e c e s s i o n  
o f  t h e  1 9 7 0 s  and t h e  e a r l y  1 9 8 0 s ,  E u r o p e a n  k a o l i n  p r o d u c t i o n  
i n c r e a s e d  by a b o u t  75%.  C o u n t r i e s  s h a r i n g  in t h e  i n c r e a s e  
i n c l u d e  t h e  U n i t e d  K i n g d o m,  Wes t  G e r ma n y ,  F r a n c e ,  S p a i n ,  and 
P o r t u g a l .  Mos t  o t h e r  c o u n t r i e s  showed a m a r g i n a l  i n c r e a s e  
or  a c o n t i n u e d  d e c l i n e ,  ( s e e  A p p e n d i x  t a b l e  A - 1 ) .  E u r o p e ’ s 
c o n t r i b u t i o n  t o  t h e  w o r l d  k a o l i n  p r o d u c t i o n  was a b o u t  24% in  
1988  .
5 . 1 . 2  E a s t e r n  Bl oc C o u n t r i e s
T he  g r o w t h  o f  k a o l i n  p r o d u c t i o n  i n t h e  E a s t e r n  B l o c  
c o u n t r i e s  i s  much mor e  d i f f i c u l t  t o  a s s e s s  b e c a u s e  o f  t h e  
l a c k  o f  r e l i a b l e  p r o d u c t i o n  s t a t i s t i c s .  F o r  most  o f  t h e  
p e r i o d  1 9 6 1 - 1 9 7 0 ,  d a t a  f r o m one of  t h e  m a j o r  p r o d u c e r s ,  t h e  
USSR,  w e r e  n o t  a v a i l a b l e  ( s e e  A p p e n d i x  t a b l e  A - 1 ) .  
N e v e r t h e l e s s ,  f r o m 1970  t o  1988  k a o l i n  p r o d u c t i o n  c l e a r l y  
showed a c o n t i n u e d  upwar d  t r e n d  o f  a b o u t  5% y e a r l y .  The  
m a j o r  c o n t r i b u t o r s  t o  t h i s  g r o w t h  w e r e  C z e c h o s l o v a k i a ,  
B u l g a r i a ,  R o ma n i a ,  and to a l e s s e r  e x t e n t ,  Y u g o s l a v i a  and 
t h e  S o v i e t  U n i o n .
5 . 1 . 3  A f r i c a
K a o l i n  p r o d u c t i o n  i n A f r i c a  i n c r e a s e d  f r o m f e w e r  t h a n
1 0 0 , 0 0 0  s h o r t  t o n s  i n 1961 t o  a b o u t  4 6 0 , 0 0 0  s h o r t  t o n s  i n
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1 9 8 8 .  The  R e p u b l i c  o f  S o u t h  A f r i c a  w i t h  44%,  and Eg y p t  w i t h  
30%,  t o g e t h e r  a c c o u n t  f o r  a b o u t  75% of  t h e  t o t a l  A f r i c a n  
p r o d u c t i o n .  D e s p i t e  t h e  r a t h e r  low p r o d u c t i o n ,  A f r i c a  has  
be en  s h o w i n g  c o n t i n u e d  g r o w t h ,  but  n e v e r t h e l e s s  c o n t r i b u t i n g  
o n l y  a b o u t  2% t o  t h e  w o r l d  k a o l i n  p r o d u c t i o n  ( s e e  A p p e n d i x  
t a b l e  A - 1 ) .
5 . 1 . 4  South Amer i ca
K a o l i n  p r o d u c t i o n  i n S o u t h  A m e r i c a  has i mp r o v e d  
s i g n i f i c a n t l y  ( A p p e n d i x  t a b l e  A - 2 ) ,  i n c r e a s i n g  f r o m j u s t  
a b o v e  1 0 0 , 0 0 0  s h o r t  t o n s  i n 1961 t o  a b o u t  2 , 4 9 1 , 0 0 0  s h o r t  
t o n s  i n 1 9 8 8 .  M a j o r  c o n t r i b u t o r s  i n c l u d e  C o l o m b i a  w i t h  56% 
and B r a z i l  w i t h  34%,  t o t a l l i n g  90% of  S o u t h  A m e r i c a ’ s 
p r o d u c t i o n .  M o d e r a t e  k a o l i n  p r o d u c t i o n  can a l s o  be f ound  in 
C h i l e ,  P a r a g u a y ,  and P e r u .  No f u r t h e r  d a t a  a r e  a v a i l a b l e  on 
C o l o m b i a n  k a o l i n  p r o d u c t i o n .  The  p a p e r  i n d u s t r y  c o u l d  be 
t h e  d r i v i n g  f o r c e  b e h i n d  C o l o m b i a ’ s k a o l i n  p r o d u c t i o n .
B r a z i l i a n  p r o d u c t i o n  i s  f u e l e d  by t h e  demand f r om  
E u r o p e  and t h e  F a r  E a s t .  B r a z i l i a n  k a o l i n  p r o d u c t i o n  i s  
e x p o r t - o r i e n t e d , and b e c a u s e  o f  i t s  s u p e r i o r  q u a l i t y ,  i t  
c o n t i n u e s  t o  make i n r o a d s  i n t o  t h e  E u r o p e a n  and F a r  E a s t e r n  
m a r k e t s .  S o u t h  A m e r i c a ’ s c o n t r i b u t i o n  to t h e  w o r l d  k a o l i n  
p r o d u c t i o n  i s  now o n l y  a b o u t  9%, h o we v e r  g r o w t h  has been  
s t e a d y  a t  o v e r  15% y e a r l y .
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5 . 1 . 5  A s i a / A u s t r a l i a
I n t h e  A s i a n / A u s t r a I i a n  a r e a ,  k a o l i n  p r o d u c t i o n  
i mp r o v e d  s i g n i f i c a n t l y  f r o m a l ow o f  5 8 0 , 0 0 0  s h o r t  t o n s  i n  
1961 t o  a b o u t  3 , 1 6 0 , 0 0 0  s h o r t  t o n s  i n 1 9 8 8 .  I n d i a ,  24%,  
R e p u b l i c  o f  S o u t h  K o r e a ,  29%,  T h a i l a n d ,  9% w e r e  m a j o r  
c o n t  r i but  o r s .
M o d e r a t e  p r o d u c e r s  i n c l u d e d  A u s t r a l i a ,  J a p a n ,
I n d o n e s i a ,  M a l a y s i a ,  T u r k e y ,  and I r a n .  I n most  o f  t h e s e  
c o u n t r i e s  p r o d u c t i o n  i s  u n d e r p i n n e d  by t h e  i n c r e a s i n g  demand  
f r o m t h e  d o m e s t i c  c e r a m i c s  i n d u s t r y .  I n 1986  t h e  A u s t r a l i a n  
k a o l i n  i n d u s t r y  was  b o o s t e d  w i t h  t h e  s t a r t - u p  o f  t h e  Coma l c o  
k a o l i n  p l a n t ,  u t i l i z i n g  t h e  k a o l i n  u n d e r l y i n g  t h e  b a u x i t e  
d e p o s i t .  A s i a n / A u s t r a l i a n  k a o l i n  p r p d u c t i o n  c o n t r i b u t e d  
a b o u t  11% t o  w o r l d  k a o l i n  p r o d u c t i o n  i n  1 9 8 8 .
5 . 1 . 6  Nor t h  Amer i ca
K a o l i n  p r o d u c t i o n  i n  N o r t h  A m e r i c a  showed t h e  l a r g e s t  
g r o w t h ,  f r o m a b o u t  2 , 8 0 0 , 0 0 0  s h o r t  t o n s  i n 1961 t o
1 0 . 1 2 7 . 0 0 0  s h o r t  t o n s  i n 1 9 8 8 ;  M e x i c o  c o n t r i b u t e d  2% and t h e  
U n i t e d  S t a t e s  t h e  r e m a i n i n g  98%.  O v e r  t h e  p a s t  t h r e e  
d e c a d e s  M e x i c o ’ s k a o l i n  p r o d u c t i o n  has  i n c r e a s e d  by o n l y
1 5 0 . 0 0 0  s h o r t  t o n s ,  w i t h  most  o f  t h e  i m p r o v e m e n t s  o c c u r r i n g  
f r o m 1971 t o  1 9 8 0 .
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In t h e  U n i t e d  S t a t e s  t h e  s c e n e  has been one o f  o v e r a l l  
e x p a n s i o n  by a l l  t h e  l e a d i n g  p r o d u c e r s .  A l r e a d y  t h e  l a r g e s t  
p r o d u c e r  i n 1961 w i t h  38% of  t h e  w o r l d  p r o d u c t i o n ,  t h e  
U n i t e d  S t a t e s  has c o n s o l i d a t e d  i t s  p o s i t i o n  t h r o u g h o u t  t h e  
p a s t  t h r e e  d e c a d e s .  S t e a d y  g r o w t h  i n U . S .  k a o l i n  p r o d u c t i o n  
( f i g u r e  5 . 2 ) ,  has come a b o u t  b e c a u s e  o f  t h e  l e a d i n g  r o l e  o f  
t h e  c o u n t r y  in t h e  d e v e l o p m e n t  and a p p l i c a t i o n  o f  new 
t e c h n o l o g i e s  i n  k a o l i n  p r o c e s s i n g ,  t h e  d e v e l o p m e n t  o f  new 
u s e s  o f  k a o l i n  p r o d u c t s ,  t h e  e n l a r g e m e n t  o f  t h e  k a o l i n  
m a r k e t ,  and t h e  d e v e l o p m e n t  o f  h i g h  q u a l i t y  k a o l i n  p r o d u c t s  
f o r  s p e c i a l i z e d  a p p l i c a t i o n s .
A l s o  c o n t r i b u t i n g  t o t h i s  s t e a d y  g r o w t h  i s  t h e  f a c t  
t h a t  t h e  U . S .  i s  a l s o  t h e  l a r g e s t  k a o l i n  m a r k e t .  K a o l i n  
p r o d u c t i o n  i n c r e a s e d  t h e  most  b e t w e e n  1961 and 1 9 7 0 ,  a b o u t  
83% ( s e e  A p p e n d i x  t a b l e  A - 2 ) .  From 1971 t o  1980  p r o d u c t i o n  
i n c r e a s e d  61%,  and f r o m 1981 t o  1988 o n l y  a b o u t  42%.
D e s p i t e  t h i s  downwar d g r o w t h  t r e n d ,  t h e  U . S .  k a o l i n  i n d u s t r y  
i s  s t i l l  n o t  m a t u r e ,  s i n c e  t h e  y e a r l y  g r o w t h  i s  s t i l l  much 
h i g h e r  t h a n  t h e  y e a r l y  g r o w t h  o f  t h e  g e n e r a l  e c o n o mi c  
a c t i v i t i e s  or  t h e  GNP.
5 . 2  I n t e r n a t i o n a l  T r a de  P a t t e r n s
The  k a o l i n  I n d u s t r y  i s  c h a r a c t e r i z e d  by a 
p o I y g o p o I i s t i c  m a r k e t  s t r u c t u r e .  A l t h o u g h  t h e r e  a r e  a l a r g e
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number  o f  k a o l i n - p r o d u c i n g  c o u n t r i e s  ( c o n s e q u e n t l y  f i r m s ) ,  
t h e  m a r k e t  f o r  h i g h  q u a l i t y  k a o l i n  p r o d u c t s  i s  d o m i n a t e d  by 
o n l y  a f ew f i r m s  l o c a t e d  m a i n l y  in E n g l a n d  and t h e  U n i t e d  
S t a t e s .  Mos t  o t h e r  c o u n t r i e s  p r o d u c e  k a o l i n  f o r  d o m e s t i c  
c e r a m i c s  or  o t h e r  i n d u s t r i e s .
I n p a s t  d e c a d e s  k a o l i n  has g a i n e d  enor mous  i m p o r t a n c e  
i n t h e  p r o d u c t i o n  o f  p a p e r ,  p a i n t s ,  and r e f r a c t o r i e s ,  
l e a d i n g  t o r a p i d  d e v e l o p m e n t  o f  k a o l i n  i n d u s t r i e s  in  
c o u n t r i e s  w h e r e  t h e r e  a r e  p r e m i e r  g r a d e  k a o l i n  d e p o s i t s :  
B r a z i l ,  A u s t r a l i a ,  S o u t h  K o r e a ,  and M a l a y s i a .
T r a n s p o r t a t i o n  c o s t s  a r e  c r i t i c a l ,  so t h a t  o n l y  t h e  
much h i g h e r  q u a l i t y  k a o l i n s  a r e  m a r k e t e d  a t  g r e a t  d i s t a n c e s  
f r o m p r o c e s s i n g  c e n t e r s .
B a r r i e r s  t o  e n t r y  i n t h e  i n d u s t r y  a r e  n o t  a p r o b l e m  in 
t h e  m i n i n g  and p r o c e s s i n g o f  s i m p l e  f i l l e r  g r a d e  k a o l i n .  In 
t h i s  p h a s e  o f  k a o l i n  p r o d u c t i o n  t h e  b a r r i e r s  c o n s i s t  o f  t h e  
r e s e r v e  and q u a l i t y  o f  t h e  k a o l i n  and t r a n s p o r t a t  i on c o s t s .  
Fo r  h i g h  q u a l i t y  g r a d e s  o f  k a o l i n ,  s i g n i f i c a n t  b a r r i e r s  a r e  
a s s o c i a t e d  w i t h  t h e  e x p e n s i v e  t e c h n o l o g y  c u r r e n t l y  a v a i l a b l e  
t o  o n l y  a f e w  c o m p a n i e s  i n t h e  U n i t e d  S t a t e s  and W e s t e r n  
E u r o p e .  T h e r e  has been p e n e t r a t i o n  o f  t h i s  m a r k e t  f r o m  
a l t e r n a t i v e  r e s o u r c e s ,  e s p e c i a l l y  f r o m B r a z i l  w h i c h  i s  
s u p p l y i n g  c h e a p  h i g h  q u a l i t y  c o a t i n g  k a o l i n ,  good f o r  
b l e n d i n g  w i t h  i n f e r i o r  c l a y s .
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The  U n i t e d  Ki ngdom has c o n s i s t e n t l y  been t h e  w o r l d ’ s 
l a r g e s t  k a o l i n  e x p o r t e r ,  p r o v i d i n g  b e t w e e n  2 . 1  m i l l i o n  and 
2 . 8  m i l l i o n  s h o r t  t o n s  a n n u a l l y .  T he  p r i n c i p a l  m a r k e t  f o r  
U . K .  k a o l i n  i s  W e s t e r n  E u r o p e ,  w h i c h  a b s o r b e d  a b o u t  90% of  
a i l  U . K .  e x p o r t s .  Beyond t h e  b o u n d a r i e s  o f  E u r o p e  t h e r e  i s  
a w i d e s p r e a d  bu t  l i m i t e d  t r a d e  i n v e r y  s m a l l  t o n n a g e s  w i t h i n  
A f r i c a ,  t h e  M i d d l e  E a s t ,  t h e  F a r  E a s t ,  and A u s t r a l i a .  T h e r e  
i s  v e r y  l i m i t e d  p e n e t r a t i o n  o f  t h e  F a r  E a s t  m a r k e t  by U . K .  
k a o l i n s .  T h e r e  i s  a l s o  a v e r y  l i m i t e d  amount  o f  A t l a n t i c  
t r a d e  to Ca na da  and t h e  U n i t e d  S t a t e s ,  bu t  t h i s  i s  
m i s l e a d i n g  i n s o f a r  as E u r o p e  e x p o r t s  c o n s i d e r a b l e  q u a n t i t i e s  
o f  p r i n t i n g  and w r i t i n g  p a p e r  t o  N o r t h  A m e r i c a  c o n t a i n i n g  up 
t o  30% k a o l i n .  E u r o p e a n  k a o l i n ,  d o m i n a t e d  by U . K .  
p r o d u c t i o n ,  t h e r e f o r e  e n j o y s  a mor e  s u b s t a n t i a l  e x p o r t  
m a r k e t  t h r o u g h  t h e  me di um o f  t h e  p a p e r  i n d u s t r y .
The  k a o l i n  i n d u s t r y  i n  E u r o p e  i s  v e r y  c o m p e t i t i v e ,  
e s p e c i a l l y  i n t h e  U n i t e d  Ki ngdom and some W e s t e r n  E u r o p e a n  
c o u n t r i e s .  Sma l l  u n e c o n o m i c a l  o p e r a t i o n s  ( l o w  q u a l i t y  
d e p o s i t s )  h a v e  been f o r c e d  t o  c l o s e  i n S p a i n ,  P o r t u g a l ,  and 
F r a n c e  o v e r  t h e  p a s t  d e c a d e .
The  s e c o n d  l a r g e s t  k a o l i n  e x p o r t e r  i s  t h e  U n i t e d  
S t a t e s .  U n l i k e  E u r o p e a n  e x p o r t s ,  w h i c h  a r e  m a r k e t e d  
p r i n c i p a l l y  w i t h i n  W e s t e r n  E u r o p e ,  U . S .  e x p o r t s  a r e  
c h a n n e l e d  i n t o  f o u r  ma i n  r e g i o n s ,  E u r o p e  ( 3 0 % ) ,  Ca nada
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( 2 0 % ) ,  F a r  E a s t  ( 4 0 % ) ,  and L a t i n  A m e r i c a  ( 10%)
The  l a r g e s t  s i n g l e  U . S .  e x p o r t  m a r k e t  i s  J a p a n ,  
f o l l o w e d  by S o u t h  K o r e a  and T a i w a n .  E u r o p e  c o l l e c t i v e l y  i s  
t h e  se cond  l a r g e s t  m a r k e t  f o r  U . S .  e x p o r t s .  U n d o u b t e d l y  a 
m a j o r  o b s t a c l e  in e x p o r t i n g  t o  E u r o p e  i s  d i s t a n c e ,  w h i c h  
t r a n s l a t e s  i n t e r m  of  f r e i g h t  c h a r g e s  to $ 2 5 - 3 5  p e r  t o n .  
Ca na da  i s  t h e  t h i r d  ma i n  o u t l e t  f o r  U . S .  e x p o r t ,  m o s t l y  
p a p e r  g r a d e .
The  U . S .  d o m e s t i c  k a o l i n  I n d u s t r y  i s  v e r y  c o m p e t i t i v e ;  
t h e r e  w e r e  a b o u t  110 U . S  k a o l i n - p r o d u c i n g  c o mp a n i e s  in 1 9 8 8 .  
Sma l l  p r o d u c e r s  p r o v i d e  o n l y  f o r  t h e i r  own r e g i o n  o wi n g  to  
h i g h  t r a n s p o r t a t i o n  c o s t s .  O n l y  m a j o r  p r o d u c e r s  c o v e r  
demand o v e r  g r e a t e r  d i s t a n c e s .
T h e  E u r o p e a n  k a o l i n  m a r k e t ,  c o n t r o l l e d  by E u r o p e a n  
p r o d u c e r s ,  has been p e n e t r a t e d  by a s i g n i f i c a n t  amount  of  
c h e a p ,  h i g h  q u a l i t y  k a o l i n  f r o m B r a z i l ,  a t r e n d  t h a t  i s  
l i k e l y  t o  c o n t i n u e .  B r a z i l i a n  e x p o r t s  h a v e  a l s o  made  
s i g n i f i c a n t  i n r o a d s  i n t o  t h e  J a p a n e s e  m a r k e t .
T r a d i t i o n a l l y  t h e  U n i t e d  S t a t e s  has c h a n n e l l e d  
s u b s t a n t i a l  t o n n a g e s  o f  p a p e r  g r a d e  c l a y s  i n t o  t h e  n o r t h  
P a c i f i c  r e g i o n .  I t  i s  a n t i c i p a t e d  t h a t  A u s t r a l i a ,  by v i r t u e  
o f  i t s  p r o x i m i t y ,  w i l l  become an i n c r e a s i n g l y  i m p o r t a n t  
s o u r c e  o f  q u a l i t y  c o a t i n g  c l a y s  t h r o u g h o u t  t h e  P a c i f i c  Ri m.
T - 3 9 8 0 1 0 8
T h e  i m p r e s s i o n  i s  t h a t  f o r  t h e  h i g h  q u a l i t y  k a o l i n s  t h e  
d e g r e e  o f  c o n c e n t r a t i o n  o f  s u p p l y  i s  r a t h e r  l ow,  w i t h  o n l y  
f o u r  p r o d u c i n g  c o u n t r i e s  ( U n i t e d  K i ngdom,  U n i t e d  S t a t e s ,  
G e r ma n y ,  F r a n c e )  d o m i n a t i n g  t h e  m a r k e t .  The  m a r k e t  
s t r u c t u r e  f o r  h i g h  q u a l i t y  k a o l i n s  i s  c o n s i d e r e d  
o l i g o p o l i s t i c .  On t h e  o t h e r  h a n d ,  t h e  s u p p l y  o f  g e n e r a l  
k a o l i n  p r o d u c t  i s  w i d e s p r e a d  and a b u n d a n t  and can be 
c o n s i d e r e d  v e r y  c o m p e t i t i v e .  The  h i g h  o p e r a t i n g  c a p a c i t y  of  
t h e  k a o l i n  i n d u s t r y  a l l o w s  p r i c e s  t o  c o n t i n u e  t o  i n c r e a s e ,  
o p e n i n g  t h e  way f o r  e n t r a n c e  o f  a d d i t i o n a l  s u p p l y .
5 . 3  Wor l d K a o l i n  P r o d u c t i o n  C a p a c i t y
The  w o r l d  k a o l i n  i n d u s t r y  c a p a c i t y  i s  i n e x c e s s  o f  
2 9 , 0 0 0 , 0 0 0  t p a  ( s e e  t a b l e  5 . 2 ) .  Ab o u t  1 0 . 3  m i l l i o n  s h o r t  
t o n s  o r  35% o f  t h e  w o r l d  k a o l i n  p r o d u c t i o n  c a p a c i t y  i s  
s i t u a t e d  in N o r t h  A m e r i c a  ( t a b l e  5 . 3 ) ,  and 7 . 9  m i l l i o n  s h o r t  
t o n s  o r  26% i n E u r o p e .  The  r e m a i n i n g  c a p a c i t y  i s  s i t u a t e d  
as f o l l o w s :  S o u t h  A m e r i c a  2 . 7  m i l l i o n  t o n s  or  9%;
A s i a / A u s t r a  I i a , 3 . 2  m i l l i o n  t o n s  o r  11%; A f r i c a  0 . 6  m i l l i o n  
t o n s  or  2%; and t h e  E a s t e r n  B l o c ,  5 . 0  m i l l i o n  t o n s  o r  17%.
New n e t  c a p a c i t y  i s  e x p e c t e d  to come on s t r e a m  b e c a u s e  
o f  t h e  c o n t i n u e d  s t r o n g  demand f o r  k a o l i n ,  p a r t i c u l a r l y  new 
c a p a c i t y  f o r  t h e  p r o d u c t i o n  o f  h i g h  q u a l i t y  k a o l i n s .  I n t h e  
d e v e l o p i n g  c o u n t r i e s ,  new c a p a c i t y  i s  a l s o  e x p e c t e d  t o  come
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W o r I d  K a o l i n
1 d D  1 c  0 . tL
An n u a l  P r o d u c t i o n  C a p a c i t y ,  De c ember  
r a t e d  c a p a c i t y ,  t h o u s a n d  s h o r t  t o n s
3 1 ,  1988
Coun t r y Ca pa c  i t y Coun t r y Capac  i t \
A l g e r i a 18 J a p a n 250
A r g e n  t i na 150 Kenya 1
Aus t r a  I i a 250 S o u t h  K o r e a 1 , 000
A u s t r i a 120 Ma d a g a s c a  r 7
Bang I a d e s h 1 5 Ma I a ys  i a 125
Be I q ium 80 Mex i co 3 00
B r a z  i I 900 Mo zambi  que 1
B u I g a  r i a 325 N i g e r i a 1
Bu r u n d i 6 Pak i s t an 50
Ch i I e 60 Pa r a g u a y 70
Co i ombi a 1 , 500 Pe r u 10
C o s t a  R i c a 1 PoI  and 60
C z e c h o s I o v a k  i a 600 P o r t u g a l 120
De nmar k 15 Roman i a 500
Ecuado r 3 S o u t h  Af  r i ca 220
E g y p t 150 Spa i n 500
E t h i o p i a 5 S r i  L a n k a 12
F r a n c e 1 , 600 Sweden 1
E a s t  Ger ma ny 2 0 0 Ta i wan 100
We st  Ger many 700 T a n z a n  i a 2
G r e e c e 175 Tha  i I  and 300
G u a t e m a I  a 5 T u r k e y 250
Hong Kong 10 U . S . S . R . 3 , 4 0 0
H u n g a r y 45 Un i t ed K i ngdom 4 0 0 0
I n d i a 810 Un i t e d  S t a t e s 10 , 050
I n d o n e s  i a 160 V e n e z u e I  a 30
I r an 120 V i e t n a m 1
I s r a e l 35 Y u g o s I a v  i a 3 00
I t a l y 100 Z i mbabwe 1
T o t a l 2 9 , 7 1 0
S o u r c e :  C l a y s  M i n e r a l s  Y e a r b o o k ,  1 9 8 8 .  U . S .  B u r e a u  o f  
M i nes.
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on s t r e a m  t o p r o v i d e  f o r  t h e  i n c r e a s e d  demand i n t h e  
c e r a m i c s  s e c t o r ,  and f o r  t h e  demand f o r  h i g h  q u a l i t y  k a o l i n s  
w h i c h  can be t o  b l e n d e d  w i t h  l o we r  q u a l i t y  k a o l i n s  p r o d u c e d  
i n E u r o p e  and a l o n g  t h e  U . S  Wes t  C o a s t .
T a b l e  5 . 3
U n i t e d  S t a t e s  K a o l i n  An n u a l  P r o d u c t i o n  C a p a c i t y ,  De c embe r
3 1 ,  1 9 8 8 ,  by K i n d  and T y p e
( t h o u s a n d  s h o r t  t o n s )
S o u r c e :  C l a y s  M i n e r a l s  Y e a r b o o k ,  1 9 8 8 .  U . S .  B u r e a u  of  
M i n e s .
1 L o w - t e mp a  r a t u  r e  , f i l l e r .
2 H i g h - t e m p a r a t u r e ,  r e f r a c t o r y .
I n 1 9 8 8 ,  t h e  U . S .  k a o l i n  I n d u s t r y  was o p e r a t i n g  a t  
a b o u t  98% ( f u l l  c a p a c i t y ) ,  w h i l e  t h e  w o r l d  i n d u s t r y  was o n l y  
s l i g h t l y  l o w e r  a t  a r o u n d  95%.  T h i s  c o n d i t i o n  s u p p o r t s  t h e  
i n d i c a t e d  c o n t i n u e d  s t e a d y  g r o w t h  o f  U . S .  and w o r l d w i d e  
k a o I i  n p r o d u c  t i o n .
C a p i t a l  c o s t s  i n t h e  i n d u s t r y  v a r y  w i d e l y .  D e p e n d i n g  
on d e p t h  o f  m i n i n g ,  h a u l a g e  d i s t a n c e s ,  p r o j e c t  s i z e ,  and t h e
K i n d  and t y p e
Ai  r - f I o a t e d  
C a I c  i n e d 1
C a I c  i n e d 2
Ra t e d  c a p a c  i t y  
2 , 0 0 0  
8 00  
750
DeI  a m i n a t e d  
Unp r o c e s s e d  
W a t e r - w a s h e d  
T o t a  I
1 , 200  
1 , 000  
4 ,  500  
1 0 , 0 5 0
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l e v e l  o f  t e c h n o l o g y  r e q u i r e d  f o r  e x t r a c t i n g  and p r o c e s s i n g ,  
p r o j e c t  i n v e s t m e n t  w i l l  f a l l  b e t w e e n  U . S . $25  m i l l i o n  and 
U . S . $ 2 0 0  m i l l i o n .  S i m p l e ,  s m a l l - s c a l e  o p e r a t i o n s  i n LDCs 
c o s t  a b o u t  $25  m i l l i o n  to s e t  up u s i n g  t h e  u n i v e r s a l  
t e c h n o l o g y  w h i c h  e x c l u d e s  t h e  p r o d u c t i o n  o f  h i g h  q u a l i t y  
p r o d u c t s .  W h i l e  t o t a l  i n v e s t m e n t  g e n e r a l l y  i n c r e a s e s  w i t h  
p r o j e c t  s i z e ,  d e p t h  o f  m i n i n g ,  and s o p h i s t i c a t i o n  of  
p r o c e s s i n g ,  s p e c i f i c  i n v e s t m e n t  c o s t s  f a l l  w i t h  g r o w i n g  
c a p a c i t i e s ,  o w i n g  t o  t h e  e f f e c t s  o f  economy o f  s c a l e .  
C a p i t a l  c o s t  f o r  k a o l i n  p r o d u c t i o n  ba sed  on t h e  we t  
p r o c e s s i n g  me t h o d  i s  e s t i m a t e d  t o  be a r o u n d  $ 2 5 0  pe r  a n n u a l  
f i n i s h e d  t on ( M u r r a y ,  1 9 9 0 ) .
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C h a p t e r  6
KAOLI N PRODUCTION IN I N D U S T R I A L I Z E D  AND 
EASTERN BLOC COUNTRI ES
6 . 1  I n d u s t r i a l i z e d  C o u n t r i e s
I n d u s t r i a l i z e d  n a t i o n s  d o m i n a t e  t h e  k a o l i n  i n d u s t r y  
w i t h  t h e  U n i t e d  S t a t e s  and t h e  U n i t e d  Ki ngdom p l a y i n g  t h e  
l e a d i n g  r o l e .  Based on t h e  i d e n t i f i e d  w o r l d  k a o l i n  r e s e r v e s  
as p u b l i s h e d  by t h e  U . S .  B u r e a u  o f  M i n e s ,  mor e  t h a n  60% of  
t h e  w o r l d  r e s e r v e s  a r e  s i t u a t e d  i n t h e  i n d u s t r i a l i z e d  
c o u n t r i e s .  I t  i s  t h e r e f o r e  n o t  s u r p r i s i n g  t h a t  t h e s e  
c o u n t r i e s  a r e  t h e  l a r g e s t  p r o d u c e r s  ( t a b l e  6 . 1 .  ) .  A l t h o u g h  
i n d u s t r i a l i z e d  c o u n t r i e s  a r e  t h e  p r o d u c t i o n  l e a d e r s ,  t h e i r  
c o n t r i b u t i o n  has d r o p p e d  f r o m a b o u t  72% i n 1970  t o  a r o u n d  
61% i n  1988  ( s e e  t a b l e  6 . 2  and a p p e n d i x  A,  f i g u r e s  A - 1 ,  A - 2 ,  
and A - 3 ) .
The  p r o d u c t i o n  o f  h i g h  g r a d e  q u a l i t y  k a o l i n  p r o d u c t s  
r e q u i r e s  c o m p a r a t i v e I y  s o p h i s t i c a t e d  t e c h n o l o g y  c o mb i n e d  
w i t h  s t r i n g e n t  c o n t r o l  p r a c t i c e s .  A l t h o u g h  r o u t i n e  
p r o c e s s i n g  p r a c t i c e s  c o v e r  an a p p r e c i a b l e  r a n g e  o f  t h e  
k a o l i n  p r o d u c t s  de ma n d e d .  F o r  c o m p a n i e s  t o  g r o w t h e y  must  
be i n n o v a t i v e  and m a i n t a i n  e x t e n s i v e  r e s e a r c h  and 
d e v e l o p m e n t  f a c i l i t i e s ,  and h a v e  an i n t i m a t e  k n o w l e d g e  of  
t h e  m a n u f a c t u r i n g  p r o c e s s e s  o f  t h e i r  c u s t o m e r s ,  a p r a c t i c e
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S e l e c t e d  C o u n t r i e s  
Nat  i o n s ,
i a o i e  o . i  
: P r o d u c t i o n  o f  K a o l i n  in  
1 9 8 4 - 1 9 8 8  ( i n  1000  s h o r t
I ndus t r i a l  
t o n s )
i zed
Coun t r i es 1984 1985 1986 1987 1 988
U . S . A 7 9 5 3 7 7 9 3 8 5 4 9 882 7 9891
Un i t ed K i ngdom 3 2 9 6 3 4 7 2 321 1 3 3 7 2 3 7 5 0
F r a n c e 338 1664 1488 1 540 1 540
W e s t e r n  Ger many 397 4 52 564 648 6 60
Spa i n 352 456 4 13 477 4 4 0
O t h e r s 1246 1091 1011 1091 1 129
T o t a l 1 3 5 8 2 1 49 2 8 15236 1 5955 17410
S o u r c e :  U . S .  B u r e a u o f  Mi  n e s . CI  ays M i n e r a l s Y e a r b o o k ,
1988.
T a b l e  6 . 2
D i s t r i b u t i o n  o f Wo r I d  Kao I i  n P r o d u c t  i o n .
1970 1980 1888
I n d u s t r i a l i z e d  N a t i o n s 7 2% 64% 61%
Le s s  D e v e l o p e d  C o u n t r i e s 1 1% 13% 2 0 %
E a s t e r n  B l o c  C o u n t r i e s 17% 23% 19%
Wo r I d To t a  I 1 00 % 100% 100 %
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t h a t  has l e d  t o  c o n s i d e r a b l e  c u s t o m m i l l i n g  ( T h e  W o r l d  Ba nk ,  
1 9 8 8 ) .  The  t e c h n o l o g i e s  d e v e l o p e d  a r e  t h e  r e s u l t  o f  many  
y e a r s  o f  r e s e a r c h ,  d e v e l o p m e n t ,  and o p e r a t i o n a l  r e f i n e m e n t .
S t u d i e s  h a v e  shown t h a t  t h e  c o n s u m p t i o n  s i d e  o f  
I n d u s t r i a l  m i n e r a l s  i s  a f u n c t i o n  o f  i n d u s t r i a l  m a t u r i t y .  
T h i s  i s  b o r n e  o u t  by t h e  h i g h  c o ms u mp t i o n  r a t e  o f  k a o l i n  
p r o d u c t s  by i n d u s t r i a l i z e d  c o u n t r i e s .  Mos t  k a o l i n  i s  
consumed l o c a l l y .  I m p o r t s  make up any s h o r t a g e s  i n demand.  
I n d u s t r i a l i z e d  c o u n t r i e s  i m p o r t  m a i n l y  f r o m t h e  U n i t e d  
S t a t e s  and t h e  U n i t e d  Ki ngdom w i t h  i n c r e a s i n g  a mount s  f r om  
E a s t e r n  E u r o p e ,  B r a z i l ,  and A s i a .
Ne t  i m p o r t s  f o r  i n d u s t r i a l i z e d  n a t i o n s  i n 1979  amount e d  
t o  70% of  t h e  w o r l d  t o t a l  n e t  i m p o r t s ,  a b o u t  25% o f  w o r l d  
p r o d u c t i o n .  I n 1983  t h e  f i g u r e s  w e r e  r e s p e c t i v e l y  79% and 
25% ( s e e  t a b l e  6 . 3  and a p p e n d i x  B,  t a b l e s  B - 1 ,  B - 2 ,  and B - 3 .
Ne t  e x p o r t s  f o r  i n d u s t r i a l i z e d  n a t i o n s  a mount e d  to  
a b o u t  24% o f  t h e  w o r l d  p r o d u c t i o n  i n 1979  and 22% i n 1 9 8 3 .
Of  t h e  t o t a l  amount  e x p o r t e d ,  t h e  c o n t r i b u t i o n  o f  t h e  U n i t e d  
S t a t e s  and t h e  U n i t e d  Ki ngdom was a b o u t  89% i n 1979  and 88% 
i n 1983  ( s e e  t a b l e  6 . 4  and a p p e n d i x  B,  t a b l e s  B - 4 ,  B - 5 ,  and 
B - 6 ) .  The  U n i t e d  K i n g d o m,  b e i n g  t h e  l a r g e s t  e x p o r t e r ,  
e x p o r t e d  a b o u t  57% o f  t h e  w o r l d  e x p o r t s  o v e r  1979  t h r o u g h  
1 9 8 3 .
T o t a l  p r o d u c t i o n  c a p a c i t y  o f  t h e  I n d u s t r i a l i z e d  n a t i o n s
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T a b l e  6 . 3
K a o l i n  N e t  I m p o r t s  o f  t h e  I n d u s t r i a l i z e d  N a t i o n s  and R e s t  o f  
W o r l d ,  1 9 7 9 - 1 9 8 3  ( i n  1000  s h o r t  t o n s )
1979 1980  1981 1982  1983
We st  Ger ma ny 8 4 2 9 8 4 8 5 9 5 7 1 8 3 4 1 1 4 8 5 1 4 2 6 8 6 3 5 6 5
I t a l y 7 6 7 5 4 3 7 9 1 2 1 8 6 4 6 3 5 4 5 9 9 5 9 8 5 9 6 7 0 0
J a p a n 5 7 8 5 4 8 5 6 5 4 0 4 5 2 1 6 8 1 5 6 0 0 7 1 5 4 9 7 6 3
T he  N e t h e r l a n d s 4 3 8 6 9 3 4 6 9 5 6 2 4 0 3 1 1 2 4 1 5 4 9 7 4 6 0 2 8 9
F r a n c e 3 3 2 7 1 0 3 3 8 6 2 2 2 8 0 3 4 3 3 0 3 3 4 5 3 2 5 2 4 2
F i nI  and 4 1 9 9 6 9 3 9 0 0 2 1 3 6 5 0 5  1 3 7 0 0 5 4 4 2 9 6 7 2
Ot  h e r s 1 3 8 0 7 0 7 1 3 1 7 9 5 0 1 2 2 8 5 2 4 1 2 1 9 4 3 4 1 0 8 2 3 2 1
T o t a l 4761 1 54 4 7 3 2 3 4 8 4 27 9 1  79 4 3 1 9 4 2 5 4 3 0 7 5 5 2
R e s t  o f  W o r l d 6 8 6 4 2 9 281 18 1 9 8 3 2 3 2 7 5 3 7 8 3 6 6 5 5
W o r I d  T o t  a I 6 8 2 8 2 9 0 6 0 7 8 4 1 6 5 7 0 6 0 2 6 5 8 1 4 2 3 7 5 4 2 6 5 2 8
S o u r c e : Br  i t i sh Geo l o g i c a l I S u r v e y .
i n 1988  was  a r o u n d  1 8 , 1 8 1 , 0 0 0  s h o r t  t o n s .  T o t a l  p r o d u c t i o n  
amount e d  t o 1 7 , 4 1 0 , 0 0 0  s h o r t  t o n s .  The  k a o l i n  i n d u s t r y  was  
r u n n i n g  a t  a l m o s t  96% c a p a c i t y ,  a p e r c e n t a g e  t h a t  can be 
c o n s i d e r e d  f u l l  c a p a c i t y .
A l l  i n d i c a t i o n s  p o i n t  t o i n c r e a s e d  k a o l i n  p r o d u c t i o n  by 
t h e  m a j o r  k a o l i n  p r o d u c e r s .  K a o l i n  p r o d u c t i o n  s i n c e  1 9 8 3 ,  
f o l l o w i n g  t h e  1 9 8 1 - 8 2  r e c e s s i o n  has a v e r a g e d  12% a n n u a l l y ,  
t h e  l a r g e s t  g r o w t h  b e i n g  25% i n 1 9 8 3 .  The  s m a l l e s t  g r o w t h  
was i n 1 9 8 6 ,  an i n c r e a s e  o f  o n l y  2%.
T he  o u t l o o k  f o r  c o n t i n u e d  g r o w t h  i s  p r o m i s i n g  w i t h  t h e  
i n d u s t r y  w o r k i n g  a t  f u l l  c a p a c i t y .  S u s t a i n e d  demand f o r
T - 3 9 8 0 1
T a b l e  6 . 4
K a o l i n  Ne t  E x p o r t s  o f  I n d u s t r i a l i z e d  N a t i o n s ,  1 9 7 9 - 1 9 8 3  ( i n
1000 s h o r t  t o n s )
1979 1980  1981 1982  1983
Un i t e d  K i ngdom 2 6 2 8 2 3 7 2 4 0 2 4 0 0 2 1 9 6 5 2 9 2 1 0 5 7 5 3 2 1 3 1 4 6 9
U . S . A . 1 4 3 8 6 7 6 1263 34 1 128 2 7 7 1 1 1 7 8 8 6 6 1 2 1 4 1 5 3
F r a n c e 154671 1 8 1 5 9 3 1 6 7 2 8 4 1 39 0 2 9 1 4 3 8 5 9
We st  Ger ma ny 1 1 4 5 7 8 1 0 2 0 0 5 9 2 6 0 2 9 1 4 8 8 9 6 3 9 5
O t h e r s 2 5 5 1 8 1 2 5 4 9 9 0 2 0 3 2 0 5 2 3 0 5 6 1 2 0 9 6 4 9
T o t  a I 4 5 9 1 3 4 7 4 2 0 4 3 2 9 3 9 4 1 3 9 1 3 7 4 5 6 9 7 3 7 9 5 5 2 5
S o u r c e :  B r i t i s h  G e o l o g i c a l  S u r v e y .
T a b l e  6 . 5
I n d u s t r i a l i z e d  N a t i o n s :  P r o d u c t i o n  and C a p a c i t y  U t i l i z a t i o n
1 9 8 8 .  ( i n  1000  s h o r t  t o n s )
Capac  i t y
______________________________ P r o d u c t i o n  C a p a c i t y _____ U t i I i  z a t i o n
Un i t e d  K i ngdom_____________37 50____________ 4 0 0 0 _______________ 94%
F r a n c e 1540 1600 96%
West  Ger many 6 60 700 94%
Spa i n 440 500 8 8 %
U . S . A . 9891 1 00 50 98%
J a p a n 174 250 70%
Ot  h e r s 955 1081 8 8 %
T o t a l 174 1 0 18181 96%
S o u r c e :  U . S .  B u r e a u  o f  M i n e s .  C l a y s  M i n e r a l s  Y e a r b o o k  1988.
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k a o l i n  p r o d u c t s  i n a l l  m a j o r  m a r k e t s ,  p a p e r ,  p a i n t ,  p o l y m e r s  
and c e r a m i c s ,  and p a r t i c u l a r l y  t h e  c o a t e d  s e c t o r  o f  t h e  
p a p e r  i n d u s t r y  i s  u n d e r p i n n i n g  k a o l i n  p r o d u c t i o n .  I n E u r o p e  
t h e  E n g l i s h  C h i n a  C l a y  I n t e r n a t i o n a l  i s  c o n s o l i d a t i n g  i t s  
p o s i t i o n  as t h e  w o r l d ’ s l e a d i n g  p r o d u c e r  and e x p o r t e r  o f  
k a o l i n  w i t h  m a j o r  e x p a n s i o n s  o f  e x i s t i n g  c a p a c i t y ,  f u r t h e r  
s u b s t a n t i a l  i m p r o v e m e n t s  in t h e  c o m p a n y ’ s p r o c e s s i n g  
f a c i l i t i e s ,  and a c q u i s i t i o n s  t h a t  a r e  i n c r e a s i n g  i t s  
h o l d i n g s  i n m a j o r  p r o d u c i n g  c o m p a n i e s  a b r o a d .
I n  c o n c e r t  w i t h  e x p a n s i o n s  in t h e  p a p e r  i n d u s t r y ,  a l l  
m a j o r  U . S .  p r o d u c e r s ,  E n g e l h a r d  C o r p o r a t i o n ,  J . M .  Hube r  
C o r p o r a t i o n ,  A n g l o  A m e r i c a n  C l a y s  ( a  s u b s i d i a r y  o f  ECC 
I n t e r n a t i o n a l ) ,  G e o r g i a  K a o l i n ,  and t h e  T h i e l e  K a o l i n  
Company,  a r e  i n c r e a s i n g  p r o d u c t i o n  c a p a c i t y .
6 . 2  E a s t e r n  Bl oc C o u n t r i e s
T he  E a s t e r n  B l o c  c o u n t r i e s  h a v e  c o n s o l i d a t e d  t h e i r  r o l e  
as an i m p o r t a n t  p r o d u c e r  o f  k a o l i n  p r o d u c t s .  T h e y  ha v e  
managed t o  i m p r o v e  t h e i r  p r o d u c t i o n  f a c i l i t i e s ,  e n a b l i n g  
t hem t o  m a i n t a i n  t h e i r  c o n t r i b u t i o n  t o w o r l d  k a o l i n  
p r o d u c t i o n  a t  a r o u n d  19% ( s e e  t a b l e  6 . 2  and a p p e n d i x  A,  
t a b l e s  A - 1 , A - 2 ,  and A - 3 .
E a s t e r n  B l o c  p r o d u c t i o n  has e n j o y e d  a s t e a d y  g r o w t h ,  
a l t h o u g h  a t  a l o w e r  r a t e  t h e n  i n i n d u s t r i a l i z e d  n a t i o n s .
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U n l i k e  t h e  s i t u a t i o n  in t h e  i n d u s t r i a l i z e d  n a t i o n s ,  k a o l i n  
p r o d u c t i o n  i n t h e  c e n t r a l l y  p l a n n e d  e c o n o mi e s  a p p e a r e d  t o be 
i n s e n s i t i v e  t o  t h e  w o r l d  r e c e s s i o n s  o f  t h e  197 0 s  and t h e  
198 0 s  ( t a b l e  6 . 6 ) .
T a b l e  6 . 6
W o r l d  K a o l i n  P r o d u c t i o n :  t h e  E f f e c t  o f  t h e  R e c e s s i o n  and
R e c o v e r y .
Re c e s s  i on R e c o v e r y
1 9 7 4 - 7 5 1 9 8 1 - 8 2 ’ 84 ’ 85 ‘ 86 ’ 87 ’ 88
I n d u s  t r i a I i zed  
Na t i ons
- 29% - 1 4 % 25% 10% 2% 5% 9%
L e s s  D e v e l o p e d  
Coun t r i es
- 10 % - 1% 93% 10% 1 5% - 1% 9%
E a s t e r n  B l o c 10% 1% 17% 2% 2% 1% 1%
W o r l d  T o t a l - 20 % - 9% 32% 8% 5% 3% 7%
The  l a r g e s t  E a s t e r n  B l o c  c o n t r i b u t o r  t o  k a o l i n  
p r o d u c t i o n  i s  t h e  S o v i e t  U n i o n ,  w h i c h  i s  a l s o  t h e  w o r l d ’ s 
t h i r d  l a r g e s t  p r o d u c e r .  Based on t h e  p u b l i s h e d  d a t a ,  
h o w e v e r ,  i t  i s  B u l g a r i a  and C z e c h o s l o v a k i a  who a r e  e n j o y i n g  
t h e  l a r g e s t  g r o w t h  i n k a o l i n  p r o d u c t i o n ,  p r o b a b l y  b e c a u s e  of  
t e c h n o l o g i c a l  i m p r o v e m e n t s  i n t h e i r  p r o d u c t i o n  p r o c e s s e s .
I n most  o f  t h e  o t h e r  c o u n t r i e s  k a o l i n  p r o d u c t i o n  i s  s h o w i n g  
a s u s t a i n e d  l e v e l  o r  a downwar d t r e n d  ( s e e  t a b i e  6 . 7 ) .
T - 3 9 8 0 119
I n i n t e r n a t i o n a l  t r a d e ,  t h e  E a s t e r n  B l o c  c o u n t r i e s  a r e  
p l a y i n g  a m i n o r  r o l e .  Of  t o t a l  w o r l d  e x p o r t s  i n 1 9 8 3 ,  
4 , 6 0 5 , 2 0 1  s h o r t  t o n s ,  t h e  E a s t e r n  B l o c  c o u n t r i e s  a c c o u n t e d
T a b l e  6 . 7
K a o l i n  P r o d u c t i o n  in E a s t e r n  B l o c  C o u n t r i e s ,  1 9 8 4 - 8 8
( i n  1000  s h o r t  t o n s )
Coun t r i e s 1984 1985 1986 1987 1988
S o v i e t  U n i o n 3 1 0 0 3 2 0 0 3 3 0 0 3 3 0 0 3 3 0 0
C z e c h o s I o v a k  i a 736 720 720 768 756
Ruman i a 450 4 50 4 50 440 4 40
B u I g a  r i a 2 82 283 2 92 310 315
Ot  h e r s 515 500 497 49 1 543
T o t a l 5 0 7 3 5 1 5 3 5259 5309 5 3 5 4
S o u r c e :  U . S .  B u r e a u  o f  M i n e s .  C l a y s  M i n e r a l s  Y e a r b o o k ,
1 9 8 8 .
f o r  a b o u t  12%.  C z e c h o s l o v a k i a  p r o v i d e d  a b o u t  71% of  t h o s e  
expo  r t s .
T h e  d e v e l o p m e n t  o f  t h e  k a o l i n  i n d u s t r y  i n t h e  E a s t e r n  
B l o c  c o u n t r i e s  i s  d i f f i c u l t  t o a s s e s s  b e c a u s e  o f  t h e  l a c k  of  
d a t a .  T a k i n g  i n t o  a c c o u n t  t h e  t r e n d  o f  t h e  l a s t  t h r e e  
d e c a d e s  and t h e  s u r g e  o f  k a o l i n  p r o d u c t i o n  i n t h e  LTC,  i t  i s  
e x p e c t e d  t h a t  t h e  c o n t r i b u t i o n  o f  E a s t e r n  B l o c  c o u n t r i e s  t o  
t h e  w o r l d  k a o l i n  p r o d u c t i o n  w i l l  d r o p ,  t h i s  d e s p i t e  t h e  f a c t  
t h a t  t h e s e  c o u n t r i e s  h a v e  l a r g e  r e s e r v e s  o f  r e l a t i v e l y  good
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q u a l i t y  c l a y .  Two c o u n t r i e s  in w h i c h  p r o d u c t i o n  i s  e x p e c t e d  
t o g r o w a r e  C z e c h o s l o v a k i a  and B u l g a r i a .
Tab I e  6 . 8
Kao 1 i n Ne t  E x p o r  t s o f  Se 1 
83 ( i n
e c t e d  E a s t e r n  B l o c  
1000  s h o r t  t o n s )
Coun t r i e s , 1979
1979 1980 1981 1982 1983
C z e c h o s 1o v a k  i a 3 82 367 347 369 390
E a s t  Ger many 106 134 140 146 1 1 1
S o v i e t  U n i o n 27 33 29 56 36
O t h e r s 25 24 89 16 13
To t a  1 540 558 605 587 550
S o u r c e :  B r i t i s h  G e o l o g i c a l  S u r v e y .
Mos t  o f  t h e  k a o l i n  p r o d u c t i o n  i n C z e c h o s l o v a k i a  and B u l g a r i a  
a r e  consumed d o m e s t i c a l l y ,  b u t  e x p o r t  to t h e  West  i s  
i nc r e a s  i n g .
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C h a p t e r  7
KAOLIN PRODUCTION IN LESS DEVELOPED COUNTRIES
The  k a o l i n  i n d u s t r y  i n t h e  l e s s  d e v e l o p e d  c o u n t r i e s  has  
made m o d e r a t e  i m p r o v e m e n t s  o v e r  t h e  p a s t  t h i r t y  y e a r s .  
A l t h o u g h  c o n t r i b u t i n g  o n l y  10% o f  t h e  w o r l d  o u t p u t  i n 1 9 7 0 ,  
t h e y  a c c o u n t e d  f o r  a b o u t  20% ( 5 , 7 1 7 , 0 0 0  s h o r t  t o n s )  o f  w o r l d  
p r o d u c t i o n  i n 1988  ( t a b l e  7 . 1  and a p p e n d i x  A,  t a b l e  A - 3 ) .  
Mos t  p r o d u c t i o n  has  come f r o m a h a n d f u l  o f  c o u n t r i e s .
Tab I e  7 . 1
K a o l i n  P r o d u c t i o n  i n S e l e c t e d  L e ss  D e v e l o p e d  C o u n t r i e s ,
( i n  1000  s h o r  t t o n s  ) .
1984 1985 1986 1987 1988
Co Iomb i a 1034 1 148 1273 1346 1413
S o u t h  K o r e a 795 726 937 695 917
B r a z  i I 536 578 688 750 849
I n d i a 6 83 766 9 18 931 745
Tha i I  and 65 1 18 146 228 297
T u r k e y 61 76 86 148 231
O t h e r s 1022 1 183 1246 1 133 1265
To t a  I 4 1 9 6 4 595 5 2 9 4 5231 57 1 7
S o u r c e : U . S . B u r e a u  o f  M i n e s .  C i a y s M i n e r a l I s Y e a r b o o k ,
1 9 8 8 .
K a o l i n  p r o d u c t i o n  in t h e  LDCs became a mor e  i m p o r t a n t  
f a c t o r  w i t h  t h e  i n c r e a s e  i n p r o d u c t i o n  i n B r a z i l  i n  1 9 7 8 ,
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t h e  y e a r  in w h i c h  o v e r a l l  k a o l i n  p r o d u c t i o n  i n t h e  LDCs 
i mp r o v e d  by mor e  t h a n  50% f r o m 1 , 9 0 5 , 8 5 9  s h o r t  t o n s  to  
2 , 8 8 0 , 7 9 8  s h o r t  t o n s .  B r a z i l i a n  k a o l i n  i s  m a r k e t e d  in 
E u r o p e  and t h e  F a r  E a s t .
The  r e l a t i v e l y  h i g h e r  e c o n o mi c  d e v e l o p m e n t  i n t h e  F a r  
E a s t  and t h a t  o f  t h e  c e r a m i c s  i n d u s t r y  i n p a r t i c u l a r  has  
p r o mp t e d  i n c r e a s e d  k a o l i n  p r o d u c t i o n  i n most  of  t h o s e  
c o u n t r i e s ,  p a r t i c u l a r l y  M a l a y s i a ,  I n d o n e s i a ,  T a i w a n ,  and 
T h a i l a n d .  The  F a r  E a s t ,  t r a d i t i o n a l l y  a c o n s i d e r a b l e  m a r k e t  
o f  c l a y  p r o d u c t s  f o r  t h e  c e r a m i c s  i n d u s t r y ,  has i n c r e a s e d  
l o c a l  p r o d u c t i o n  t o  s u p p o r t  t h e  b u o y a n t  c e r a m i c s  i n d u s t r y ,  
c a p t u r i n g  a c o n s i d e r a b l e  p a r t  o f  t h e  k a o l i n  m a r k e t  t h a t  was  
l a r g e l y  c o n t r o l l e d  by U . S .  p r o d u c e r s .
Ana I y z  i ng t he expo  r t s and i mpo r t s  o f  t h e  l e s s  d e v e l o p e d  
c o u n t r i e s ,  i t  i s  c l e a r  t h a t  t h e  LDCs a r e  p l a y i n g  a v e r y  
m i n o r  r o l e  ( s e e  a p p e n d i x  B,  t a b l e s  B- 1  t h r o u g h  B - 6 ) .
E x p o r t s  a r e  much s m a l l e r  t h a n  i m p o r t s ,  m a k i n g  LDCs a n e t  
i m p o r t e r s  o f  k a o l i n  p r o d u c t s .  N o t e  t h a t  m a n u f a c t u r e d  
p r o d u c t s  c o n t a i n i n g  k a o l i n  a r e  no t  i n c l u d e d .  As o f  1 9 8 3 ,  of  
t o t a l  e x p o r t s  o f  a b o u t  4 , 6 0 5 , 2 0 1  s h o r t  t o n s ,  t h e  LDCs 
c o n t r i b u t e d  o n l y  6%.  Of  t o t a l  i m p o r t s  o f  5 , 4 2 6 , 5 2 8  s h o r t  
t o n s  t h e  LDCs i m p o r t e d  a b o u t  8 3 0 , 5 0 8  s h o r t  t o n s ,  e q u i v a l e n t  
t o  15%.
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U n l i k e  t h e  s i t u a t i o n  in t h e  i n d u s t r i a l i z e d  n a t i o n s ,  
w h e r e  k a o l i n  p r o d u c t i o n  i s  u n d e r p i n n e d  by t h e  p a p e r  
i n d u s t r y ,  i n  t h e  LDCs, k a o l i n  p r o d u c t i o n  i s  m o s t l y  used  i n  
t h e  c e r a m i c s  i n d u s t r y .  Some c o u n t r i e s ,  e . g . ,  I n d i a ,  S o u t h  
K o r e a ,  B r a z i l ,  and C o l o m b i a ,  t h e r e  a r e  some m a j o r  
a p p l i c a t i o n s  i n t h e  p a p e r  i n d u s t r y ,  a l t h o u g h  p r e d o m i n a n t I y  
f o r  f i l l e r  g r a d e .  S i n c e  t h e  end o f  t h e  1 9 7 0 s ,  p o s s i b i l i t i e s  
em erge d  f o r  c o u n t r i e s  w i t h  h i g h  q u a l i t y  k a o l i n  d e p o s i t s  to  
e x p o r t  t o E u r o p e  and J a p a n .
A l t h o u g h  t h e  k a o l i n  i n d u s t r i e s  i n LDCs h a v e  no t  
a c q u i r e d  t h e  s o p h i s t i c a t i o n  o f  t h e  i n d u s t r i e s  in 
i n d u s t r i a  I i z e d  c o u n t r i e s ,  some ha v e  been  a b l e  to r e s p o n d  to  
t h e  t r e n d  o f  d e v e l o p i n g  m i n e s  c l o s e r  t o t h e  p o i n t  o f  u s e ,  
e s p e c i a l l y  t h o s e  i n d u s t r i e s  l o c a t e d  i n t h e  F a r  E a s t .
T h e r e  a r e  a number o f  r e a s o n s  why t h e  k a o l i n  i n d u s t r i e s  
i n  LDCs and i n d u s t r i a l i z e d  c o u n t r i e s  h a v e  d e v e l o p e d  i n  
d i v e r g e n t  w a y s .  P e r h a p s  t h e  most  i m p o r t a n t  ones a r e  t h e  
f o I  I owi  n g :
1.  L o c a t i o n  o f  m a j o r  k a o l i n  m a r k e t s  f o r  k a o l i n  p r o d u c t s .
2 .  L o c a t i o n  o f  e c o n o m i c a l  e x p l o i t a b l e  k a o l i n  r e s e r v e s .
3 .  A v a i l a b i l i t y  o f  t e c h n i c a l  kn o w -h o w  i n t h e  a r e a  o f  
m i n i n g ,  p r o c e s s i n g ,  m a r k e t i n g ,  and r e s e a r c h  and  
d e v e I o p m e n  t .
4 .  A v a i l a b i l i t y  o f  c a p i t a l .
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7. 1  L o c a t i o n  of  Ma j or  K a o l i n  Mar ke t s
A l t h o u g h  t h e  m a r k e t  f o r  c e r a m i c  c l a y  i s  c o n s i d e r a b l e  in  
t h e  LDCs,  e s p e c i a l l y  i n  t h e  F a r  E a s t ,  s t i l l  t h e  
i n d u s t r i a l i z e d  n a t i o n s  h a v e  an edge  a t  t h e  h i g h  v a l u e  end of  
t h e  c e r a m i c  m a r k e t  b e c a u s e  o f  t h e  h i g h  q u a l i t y  p r o c e s s e d  
c l a y  t h a t  i s  o f t e n  r e q u i r e d  i n t h e  p r o d u c t i o n  o f  w h i t e w a r e s .  
T h i s  t y p e  o f  p r o c e s s e d  k a o l i n  i s  e x c l u s i v e l y  p r o d u c e d  by a 
s m a l l  number o f  c o m p a n i e s  i n i n d u s t r i a l i z e d  n a t i o n s .  Based  
on t h e  u n i q u e  c h a r a c t e r i s t i c s  of  k a o l i n ,  t h e  i n d u s t r i a l i z e d  
n a t i o n s  h a v e  been a b l e  t o d e v e l o p  a w i d e  r a n g e  o f  new u s e s ,  
i n c l u d i n g  d e t e r g e n t s ,  i n s e c t i c i d e s ,  f ood  a d d i t i v e s ,  and 
p h a r m a c e u t i c a l s .  M a n u f a c t u r e r s  o f  t h o s e  p r o d u c t s  
c o m m u n i c a t e  w i t h  k a o l i n  p r o d u c e r s  i n r e g a r d  t o  c h a n g i n g  
s p e c i f i c a t i o n s  f o r  t h e  p r o d u c t i o n  o f  new o r  i mp r o v e d  
p r o d u c t s .  A l a r g e  number o f  t h e s e  p r o d u c t s  a r e  n o n d u r a b l e  
goods and h i g h l y  i n t e r r e l a t e d  w i t h  t h e  f u n c t i o n i n g  o f  a 
mode r n  i n d u s t r y  and s o c i e t y .  I t  i s  f o r  t h a t  r e a s o n  t h a t  
k a o l i n  p r o d u c e r s  l o c a t e d  i n i n d u s t r i a  I i z e d  n a t i o n s  h a v e  a 
c o m p e t i t i v e  a d v a n t a g e  o v e r  t h o s e  i n t h e  o t h e r  c o u n t r i e s .  
A d e q u a t e  q u a l i t y  c o n t r o l  and c o n s i s t e n c y  i n p r o d u c t  q u a l i t y  
h a v e  s t r e n g t h e n e d  t h e  p o s i t i o n  o f  k a o l i n  p r o d u c e r s  in 
i n d u s t r i a l i z e d  n a t i o n s .
A n o t h e r  k ey  f a c t o r  a f f e c t i n g  t r a d e  o f  k a o l i n  p r o d u c t s  
i s  t h e  u n i t  v a l u e .  As a g e n e r a l  r u l e ,  t h e  h i g h e r  t h e  u n i t
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v a l u e ,  t h e  l a r g e r  t h e  c o m p e t i t i v e  m a r k e t i n g  r a d i u s .  K a o l i n  
p r o c e s s e d  w i t h  most  u n i v e r s a l  t e c h n o l o g i e s  i s  a r e l a t i v e l y  
l ow v a l u e  p r o d u c t .  Most  o f  t h e  t i m e  i t  i s  o n l y  t h e  mor e  
p r i m i t i v e  t e c h n o l o g y  t h a t  i s  a v a i l a b l e  to t h e  LDCs,  m a k i n g  
i t  a l m o s t  i m p o s s i b l e  f o r  t hem t o  t r a d e  t h e i r  p r o d u c t s  o v e r  
l ong  d i s t a n c e s .  The  i n d u s t r i a l i z e d  n a t i o n s  w i t h  t h e i r  mor e  
s o p h i s t i c a t e d  and s p e c i a l i z e d  t e c h n o l o g i e s  p r o d u c e  h i g h  
q u a l i t y  p r o d u c t s  and t h e r e b y  r e d u c e  t r a n s p o r t a t i o n  c o s t s  to  
o n l y  a f r a c t i o n  o f  t h e  l a n d e d  p r i c e s .  H o w e v e r ,  f r o m h i g h  
q u a l i t y  k a o l i n  d e p o s i t s  l o c a t e d  i n t h e  LDCs,  k a o l i n  w i t h  
s u p e r i o r  p h y s i c a l  c h a r a c t e r i s t i c s  can be p r o d u c e d  w i t h  
r e a d i l y  a v a i l a b l e  t e c h n o l o g y ,  c o n v e r t i n g  i t  t o a h i g h  v a l u e  
p r o d u c t  t h a t  can be t r a d e d  i n t e r n a t i o n a l l y .  A good e x a m p l e  
i s  t h e  c a s e  o f  B r a z i l .
A n o t h e r  s i g n i f i c a n t  f a c t o r  l i m i t i n g  t h e  d e v e l o p m e n t  o f  
t h e  k a o l i n  i n d u s t r y  i n t h e  LDCs i s  t h e  l a c k  o f  a d e q u a t e  
i n f r a s t r u c t u r e  f o r  t h e  p r o d u c t i o n  and t r a n s p o r t a t i o n  of  
k a o I i  n p r o d u c  t s .
7 . 2  L o c a t i o n  of  Economical  E x p l o i t a b l e  K a o l i n  D e p o s i t s
Based on U . S .  B u r e a u  o f  M i n e s  i n f o r m a t i o n  as p u b l i s h e d  
i n B u l l e t i n  6 7 5 ,  1 9 8 5 ,  M i n e r a l  F a c t s  and P r o b l e m s , C l a y  
c h a p t e r ,  t h e  i n d u s t r i a l i z e d  n a t i o n s  a c c o u n t  f o r  mor e  t h a nm
60% o f  t h e  i d e n t i f i e d  w o r l d  k a o l i n  r e s e r v e s .  T h i s
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p e r c e n t a g e  i s  h i g h e r  t h a n  in p r e v i o u s  y e a r s  and may be t h e  
r e s u l t  o f  t h e  l a c k  o f  e x p l o r a t i o n  a c t i v i t y  i n LDCs and a 
l a c k  o f  l a b o r a t o r y  e q u i p m e n t  and e x p e r t i s e  t o  e v a l u a t e  
r e s o u r c e s .  T he  k a o l i n  i n d u s t r y  i n g e n e r a l  has  gr own an 
a v e r a g e  o f  8 % p e r  y e a r ,  enough t o  j u s t i f y  e x p l o r a t i o n  
e x p e n d i t u r e s . D u r i n g  t h e  198 0 s  e x p l o r a t i o n  a c t i v i t i e s  h a v e  
s h i f t e d  f r o m t h e  l e s s  d e v e l o p e d  c o u n t r i e s  t o  t h e  U n i t e d  
S t a t e s ,  A u s t r a l i a ,  C a n a d a ,  and E u r o p e .  New d i s c o v e r i e s  o f  
r e l a t i v e l y  good q u a l i t y  k a o l i n  d e p o s i t s  h a v e  been d i s c o v e r e d  
i n A u s t r a l i a ,  Sweden,  West  Ge r ma n y ,  S p a i n ,  and mor e  r e c e n t l y  
i n  C a n a d a .  Many h a v e  a r g u e d  t h a t  e x p l o r a t i o n  a c t i v i t i e s  
h a v e  s h i f t e d  p r e s u m a b l y  b e c a u s e  of  u n f a v o r a b l e  p u b l i c  
p o l i c i e s  i n t h e  d e v e l o p i n g  c o u n t r i e s  and p o l i t i c a l  
i n s t a b i l i t y .  I n c o u n t r i e s  such  as B o t s w a n a ,  S o u t h  A f r i c a ,  
and t o  a l e s s e r  e x t e n t ,  B r a z i l ,  e x p l o r a t i o n  a c t i v i t i e s  ha ve  
been l e s s  a f f e c t e d  b e c a u s e  o f  f a v o r a b l e  g o v e r n m e n t  p o l i c i e s  
and a s t r o n g  h i s t o r y  o f  m i n i n g .  Mos t  o f  t h e  i n c r e a s e s  
r e p o r t e d  f o r  LDCs h a v e  come f r o m B r a z i l  w i t h  d i s c o v e r i e s  of  
some h i g h  q u a l i t y  k a o l i n  d e p o s i t s .  S o u t h  A f r i c a  i s  one of  
t h e  f e w A f r i c a n  c o u n t r i e s ,  i f  n o t  t h e  o n l y  o n e ,  t h a t  has  
shown s i g n i f i c a n t  d e v e l o p m e n t  i n t h e  k a o l i n  i n d u s t r y .
F o r  most  LDC g o v e r n m e n t s  e x p l o r a t i o n  i s  p e r c e i v e d  as a 
r i s k y  use  o f  g o v e r n m e n t  f u n d s .  For  t h e  most  p a r t ,  o n l y  
w h e r e  p r i v a t e  f u n d s  h a v e  been a v a i l a b l e  f o r  e x p l o r a t i o n  have
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new d i s c o v e r i e s  been r e p o r t e d .  M o r e o v e r ,  i n most  LDCs t h e  
t r a d i t i o n a l  e m p h a s i s  on m i n e r a l s  d e v e l o p m e n t  has been on 
m e t a l s  and e n e r g y  m i n e r a l s  and n o t  on i n d u s t r i a l  m i n e r a l s .
A n o t h e r  t r e n d  f u e l l e d  by t h e  h e a l t h y  k a o l i n  i n d u s t r y  
c o n c e r n s  t h e  use  o f  a v a i l a b l e  f u n d s .  E x p l o r a t i o n  w h i c h  i s  
an e c o n o mi c  a c t i v i t y  must  c o mp e t e  f o r  f u n d i n g  and r e s o u r c e s  
w i t h  o t h e r  t y p i c a l  i n v e s t m e n t  a l t e r n a t i v e s  such as r e s e a r c h  
and d e v e l o p m e n t .  I n t h i s  r e g a r d ,  m a j o r  c o m p a n i e s  i n  
i n d u s t r i a l i z e d  n a t i o n s  h a v e  i n v e s t e d  in r e s e a r c h  and 
d e v e l o p m e n t  o v e r  e x p l o r a t i o n  i n LDCs and w i t h  p o s i t i v e  
r e s u l t s  l e a d i n g  t o  new t e c h n o l o g i e s  in m i n i n g ,  p r o c e s s i n g ,  
and a p p l i c a t i o n .  T h e s e  i n v e s t m e n t s  h a v e  a l s o  r e s u l t e d  in  
i n c r e a s e d  r e s e r v e s  i n t h e  U n i t e d  S t a t e s ,  F r a n c e ,  West  
G e r ma n y ,  and G r e a t  B r i t a i n .
Mos t  o f  t h e  w o r l d ’ s known e x p l o i t a b l e  k a o l i n  d e p o s i t s  
a r e  i n t h e  i n d u s t r i a l i z e d  n a t i o n s .  The  w o r l d ’ s l a r g e s t  
p r o d u c e r s ,  t h e  U n i t e d  S t a t e s  and t h e  U n i t e d  K i ngdom,  ha ve  
r e s e r v e s  t h a t  w i l l  l a s t  w e l l  i n t o  t h e  t w e n t y - f i r s t  c e n t u r y .  
H o w e v e r ,  h i g h  q u a l i t y  k a o l i n  d e p o s i t s  a r e  l i m i t e d .
I f  t h e  b i a s  a g a i n s t  p r o s p e c t i n g  and e x p l o r a t i o n  
a c t i v i t i e s  p e r s i s t s  i n t h e  LDCs,  i t  c o u l d  l e a d  t o  u n e c o n o mi c  
l o c a t i o n s  o f  w o r l d  k a o l i n  m i n i n g .  F o r t u n a t e l y  t h e r e  a r e  
i n d i c a t i o n s  t h a t  t h e r e  i s  some e a s i n g  o f  t h i s  t r e n d .  M a j o r  
c o m p a n i e s  a r e  i n c r e a s i n g  e x p l o r a t i o n  and e x p l o i t a t i o n  o f
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h i g h  q u a l i t y  c l a y s  i n  B r a z i l  and e l s e w h e r e  in S o u t h  A m e r i c a  
( e x p l o r a t i o n  i n  S u r i n a m e  and G u y a n a ) .  The  b u o y a n t  k a o l i n  
m a r k e t  i n t h e  F a r  E a s t  i s  p r e s s u r i n g  m a j o r  k a o l i n  p r o d u c e r s  
t o  d e v e l o p  m i n e s  and p r o c e s s i n g  p l a n t s  c l o s e r  to F a r  E a s t  
m a r k e t s .
T h i s  e x p a n s i o n  w i l l  e v e n t u a l l y  l e a d  t o  a g r e a t e r  
c o n t r i b u t i o n  o f  t h e  LDCs t o  w o r l d  k a o l i n  p r o d u c t i o n  and 
i n c r e a s e d  i d e n t i f i e d  k a o l i n  r e s e r v e s .  N e v e r t h e l e s s  t h e  
i n d u s t r i a l i z e d  n a t i o n s  w i l l  c o n t i n u e  to be t h e  l a r g e s t  
p r o d u c e r s  and c o n s u me r s  in t h e  i n d u s t r y  f o r  y e a r s  t o  come.
7 . 3  T e c h n i c a l  Know-how in M i n i n g ,  P r o c e s s i n g ,  M a r k e t i n g ,
and Research & Development
I n t h e  p a s t  d e c e n n i a  t h e  m a j o r  p r o d u c e r s  h a v e  i n v e s t e d  
c o n s i d e r a b l e  c a p i t a l  i n r e s e a r c h  and d e v e l o p m e n t  t h a t  has  
r e s u l t e d  i n t h e  a p p l i c a t i o n  o f  new t e c h n o l o g i e s .  Mos t  of  
t h e s e  d e v e l o p m e n t s  c o n c e r n  t h e  p r o d u c t i o n  o f  s p e c i a l i s t  
c l a y s  and o t h e r  h i g h  q u a l i t y  k a o l i n  p r o d u c t s .  B e c a u s e  t h e s e  
c o m p a n i e s  h a v e  put  t i m e  and money in d e v e l o p m e n t ,  t e s t i n g ,  
and a p p l i c a t i o n ,  t h e s e  new t e c h n o l o g i e s  a r e  c l a s s e d  as 
nonun i v e r s a  I .
A s i g n i f i c a n t  amount  o f  k a o l i n  i s  e x t r a c t e d  by s m a l l -  
s c a l e  m i n i n g ,  e s t i m a t e d  a t  a b o u t  40% o f  t o t a l  p r o d u c t i o n .  
Most  o f  t h e  medi um and l a r g e  m i n i n g  c o m p a n i e s  ( p r o d u c i n g
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mor e  t h a n  1 0 0 , 0 0 0  s h o r t  t o n s  p e r  y e a r )  a r e  l o c a t e d  i n E u r o p e  
and t h e  U n i t e d  S t a t e s ;  k a o l i n  p r o d u c t i o n  i n LDCs comes  
m o s t l y  f r o m s m a l l  m i n i n g  a c t i v i t i e s .  T he  t e c h n o l o g y  used by 
most  LDCs i s  r e a d i l y  a v a i l a b l e  and i s  c l a s s e d  as u n i v e r s a l .  
The  LDCs p r o d u c e  k a o l i n  m o s t l y  f o r  t h e  c e r a m i c s  i n d u s t r y .
F o r  t h i s  u s e ,  t h e  c h e m i c a l  c h a r a c t e r i s t i c s  o f  t h e  k a o l i n  a r e  
o f  g r e a t  i m p o r t a n c e .  T he  c h e m i c a l  p r o c e s s e s ,  w h i c h  
s o m e t i m e s  can be r e l a t i v e l y  c o m p l e x ,  q u i c k l y  becomes a 
r o u t i n e  j o b  w h i c h  can be c o n t r o l l e d  w i t h o u t  m a j o r  p r o b l e m s
I
a f t e r  i n i t i a l  t r a i n i n g  and a c c u m u l a t i o n  o f  e x p e r i e n c e .  In 
t h i s  p a r t  o f  t h e  i n d u s t r y  t h e  LDCs h a v e  a d a p t e d  q u i t e  w e l l  
and c o n t r i b u t e  a c o n s i d e r a b l e  amount  t o w o r l d  p r o d u c t i o n .
Wh e r e  p h y s i c a l  p r o p e r t i e s  a r e  o f  most  i m p o r t a n c e ,  such  
as f o r  t h e  p a p e r  i n d u s t r y ,  mor e  d e ma n d i n g  p r o c e s s e s  a r e  
r e q u i r e d .  The  r o u t i n e  c ompone nt  i s  u s u a l l y  much s m a l l e r  and 
t h e  c o m p a n i e s  p r o d u c i n g  t h i s  k i n d  o f  c l a y  h a v e  to be  
i n n o v a t i v e ,  must  m a i n t a i n  e x t e n s i v e  r e s e a r c h  and d e v e l o p m e n t  
f a c i l i t i e s ,  and must  h a v e  an i n t i m a t e  k n o w l e d g e  o f  t h e  
m a n u f a c t u r i n g  p r o c e s s e s  o f  t h e i r  c u s t o m e r s .  For  t h e s e  k i n d s  
o f  p r o d u c t s ,  b o t h  q u a l i t y  c o n t r o l  and p r o d u c t  m a r k e t i n g  a r e  
c o n s i d e r a b l y  mor e  d e ma n d i n g  t h a n  f o r  t h e  p r o d u c t i o n  o f  most  
c e r a m i c  c l a y .  I n a d d i t i o n  t h e  u s e r s  o f  t h e s e  p r o d u c t s  i n  
t h e  i n d u s t r i a l i z e d  n a t i o n s  i n c r e a s i n g l y  s e t  s t r i c t  l i m i t s  on 
t h e  c h a r a c t e r i s t i c s  w h i c h  t h e  r aw m a t e r i a l  s h o u l d  o r  s h o u l d
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n o t  p o s s e s s .  L a c k  o f  a c c e s s  t o  s p e c i a l i z e d  t e c h n o l o g i e s  i s  
a m a j o r  b a r r i e r  to e n t r y  f o r  t h e  L OC s . The  l a c k  o f  s k i l l e d  
l a b o r ,  i n f r a s t r u c t u r e ,  and p r o c e s s i n g  a d v a n c e m e n t s  h i n d e r s  
o p e r a t i o n a l  e f f i c i e n c y ,  l i m i t i n g  f o r w a r d  i n t e g r a t i o n  and 
f u r t h e r  d o m e s t i c  p r o c e s s i n g .  The  r e s u l t  i s  t h a t  d e v e l o p i n g  
c o u n t r i e s  a r e  f o r c e d  t o p r o d u c e  o n l y  p r e - c o n c e n t r a t e s , 
m a k i n g  i t  i m p o s s i b l e  f o r  t hem t o  e v e r  o b t a i n  t h e  n e c e s s a r y  
kn o w- h o w f r o m a b r o a d .  W i t h o u t  s o p h i s t i c a t e d  t e c h n o l o g y ,  t h e  
LDCs ha v e  c l e a r l y  t h e  l e a s t  c o m p a r a t i v e  a d v a n t a g e .
7 . 4  A v a i l a b i l i t y  of  C a p i t a l
The  a v a i l a b i l i t y  o f  c a p i t a l  f o r  f i n a n c i n g  m i n e r a l  
p r o j e c t s  has  c h a n g e d  d r a s t i c a l l y  s i n c e  t h e  1 9 6 0 s .  B e f o r e  
t h a t ,  t h e  m i n i n g  i n d u s t r y  was f u l l y  c o n t r o l l e d  by 
t r a n s n a t i o n a l  m i n i n g  c o m p a n i e s  who w e r e  w i l l i n g  and a b l e  to  
make i n v e s t m e n t s  on t h e i r  own b e h a l f  f o r  e x p l o r a t i o n  and 
m i n e r a l  e x p l o i t a t i o n  to k e e p  p r o d u c t i o n  a t  pa c e  w i t h  w o r l d  
demand.  F o l l o w i n g  p o l i t i c a l  i n d e p e n d e n c e ,  t h e  g o v e r n m e n t s  
o f  a number  o f  d e v e l o p i n g  c o u n t r i e s  t o o k  a c t i o n  t o b r i n g  t h e  
m i n e r a l  r e s o u r c e s  o f  t h e i r  c o u n t r i e s  u n d e r  t h e i r  own 
c o n t r o l ;  i n many c a s e s  t h i s  l ed  t o n a t i o n a l i z a t i o n  or  
m a j o r i t y  o w n e r s h i p  by t h e  h o s t  c o u n t r y .  A n o t h e r  f a c t o r  was  
i n c r e a s e d  c a p i t a l  r e q u i r e m e n t s  to c o v e r  i n c r e a s e d  c o s t s  o f  
m a t e r i a l s ,  e x p e n s e s  a s s o c i a t e d  w i t h  t h e  r e m o t e n e s s  o f  t h e
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d e p o s i t s ,  and i n f l a t i o n .  W i t h  r e d u c e d  p r o f i t s  and i n c r e a s e d  
p o l i t i c a l  r i s k ,  t r a n s n a t i o n a I  c o m p a n i e s  became l e s s  w i l l i n g  
t o  f i n a n c e  new p r o j e c t s  i n LDCs.  I n t h i s  s i t u a t i o n ,  
t r a n s n a t i o n a I  c o m p a n i e s  moved t h e i r  a c t i v i t i e s  t o c o u n t r i e s  
such  as A u s t r a l i a ,  C a n a d a ,  S o u t h  A f r i c a ,  and t h e  U n i t e d  
S t a t e s ,  a l l  c o n s i d e r e d  p o l i t i c a l l y  s a f e .
T h e  l e s s  d e v e l o p e d  c o u n t r i e s  d e pe n d  on f o u r  p r i n c i p a l  
s o u r c e s  o f c ap  i t a I :
1.  F o r e i g n  c u r r e n c y  e a r n e d  f r o m e x p o r t s  t o  d e v e l o p e d  
coun t r i es
2 .  G r a n t s  and l o a n s  f r o m f o r e i g n  g o v e r n m e n t s  and 
i n t e r n a t i o n a l  f i n a n c i a l  a g e n c i e s  and ,  mor e  r e c e n t l y ,  
i n t e r n a t i o n a l  e x p l o r a t i o n  f u n d s
3 .  B o r r o w i n g  f r o m p r i v a t e  f o r e i g n  b a nks  and t h e  E u r o c u r r e n c y  
and Eu r o b o n d  m a r k e t s
4 .  D i r e c t  i n v e s t m e n t  by f o r e i g n  b a nk s  and f o r e i g n  
en t r e p r e n e u r s
Of  t h e  s o u r c e s  m e n t i o n e d  t h e  own s a v i n g s  o f  t h e  LDCs 
a r e  n o t  i n c l u d e d  b e c a u s e  t h e i r  own c o n t r i b u t i o n  i s  a l m o s t  
n i l ,  e ve n  f o r  m i n e r a I - e x p o r t i n g  d e v e l o p i n g  n a t i o n s .  B e c a u s e  
o f  t h e  h i g h e r  c o s t s  o f  a l m o s t  a l l  m a n u f a c t u r e d  goods f o r  
v i r t u a l l y  a l l  LDCs,  a l l  o b t a i n e d  f o r e i g n  c a p i t a l  i n f l o w s  a r e  
used t o c o v e r  t h e  i n c r e a s e d  c o s t  o f  i m p o r t s .  S c a r c e  f u n d s  
a r e  used t o  s u p p o r t  c u r r e n t  c o n s u m p t i o n  r a t h e r  t h a n  b e i n g
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i n v e s t e d  t o  p r o v i d e  a b a s e  f o r  f u t u r e  p r o d u c t i o n .  Most  LDC 
g o v e r n m e n t s  c o n s i d e r  i t  t oo r i s k y  t o  i n v e s t  in p r o s p e c t i n g  
and exp  I o ra  t i o n .
LDCs w i t h  h i g h  p o p u l a t i o n s  g e n e r a l l y  h a v e  mor e  a c c e s s  
to t h e  f i n a n c i a l  s o u r c e s  m e n t i o n e d  a b o v e ;  bu t  b e c a u s e  o f  t h e  
r e l a t i v e l y  s m a l l  amount  o f  c a p i t a l  a v a i l a b l e ,  t h e  sums t h e y  
r e c e i v e  a r e  n o t  s u b s t a n t i a l .  P r i v a t e  b a n k s  t o o ,  a r e  
b e c o mi n g  mor e  and mor e  r e l u c t a n t  t o  e x t e n d  new l o a n s  to  
s m a l l e r  m i n e r a I - e x p o r t i n g  c o u n t r i e s  in l i g h t  o f  t h e i r  
d e c l i n i n g  e x p o r t  e a r n i n g s  and p o l i t i c a l  i n s t a b i l i t y .  I f  
t h i s  s i t u a t i o n  c o n t i n u e s ,  most  o f  t h e  l e s s  d e v e l o p e d  
c o u n t r i e s  w i l l  be u n a b l e  t o  o b t a i n  s u f f i c i e n t  f u n d s  f o r  t h e  
d e v e l o p m e n t  o f  t h e i r  m i n e r a l  i n d u s t r i e s .  A mor e  v i a b l e  
o p t i o n  and t r a d i t i o n a l l y  t h e  most  o f t e n  used i s  t h e  
p a r t i c i p a t i o n  o f  t r a n s n a t i o n a l  c o m p a n i e s  i n  t h e  d e v e l o p m e n t  
o f  L D C s  m i n e r a l  i n d u s t r i e s .  H o w e v e r ,  b e c a u s e  o f  t h e  
i n c r e a s e d  r i s k s ,  f ew i f  any a r e  w i l l i n g  to a c c e p t  t h e  f u l l  
r i s k  o f  a new i n v e s t m e n t .  I n s t e a d ,  m i n e r a l  p r o j e c t s  a r e  now 
o f t e n  u n d e r t a k e n  by a c o n s o r t i u m  of  c o m p a n i e s ,  o f t e n  w i t h  
t h e  b a c k i n g  o f  a g r o u p  o f  b a nks  f r o m a number  o f  d i f f e r e n t  
coun t r i e s .
The  d i s c u s s i o n  a b o v e  i s  a p p l i c a b l e  t o  a i l  m i n e r a l  
i n d u s t r i e s ;  f o r  k a o l i n ,  an i n d u s t r i a l  m i n e r a l ,  t h e  s i t u a t i o n  
i s  w o r s e .  T r a d i t i o n a l l y ,  LDCs c o n c e n t r a t e d  o n l y  on t h e
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l u c r a t i v e  m e t a l  m a r k e t  c o m m o d i t i e s ,  and no a t t e n t i o n  was  
p a i d  t o i n t e r n a t i o n a l  t r a d i n g  o f  i n d u s t r i a l  m i n e r a l s .  The  
i n d u s t r i a l i z e d  n a t i o n s  a l s o  w e r e  n o t  i n t e r e s t e d  in  
d e v e l o p i n g  t h e  l ow v a l u e  i n d u s t r i a l  m i n e r a l s  l o c a t e d  f a r  
f r o m g r o w i n g  d o m e s t i c  m a r k e t s .  W i t h  new and i mp r o v e d  
m a r k e t s  f o r  k a o l i n ,  i n c l u d i n g  some h i g h  v a l u e  p r o d u c t s ,  
i n t e r n a t i o n a l  t r a d e  i n k a o l i n  has i mp r o v e d  and a t t r a c t e d  t h e  
a t t e n t i o n  o f  i n v e s t o r s  w o r l d w i d e .  A number  o f  LDCs ha ve  
i n i t i a t e d  i m p o r t a n t  p r e - i m p  I e m e n t a t i o n  a c t i v i t i e s ,  l e a d i n g  
t o  t h e  d i s c o v e r y  o f  some h i g h  q u a l i t y  k a o l i n  d e p o s i t s .  H i g h  
q u a l i t y  k a o l i n  d e p o s i t s  i n t h e  i n d u s t r i a l i z e d  n a t i o n s  a r e  
l i m i t e d ,  so t h a t  t h e  p r o s p e c t s  f o r  d e v e l o p m e n t  o f  t h e  k a o l i n  
i n d u s t r y  in LDCs w i t h  p r o v e n  h i g h  q u a l i t y  d e p o s i t s  i s  q u i t e  
pos i t i v e .
C a p i t a l  c o s t s  f o r  k a o l i n  e x p l o i t a t i o n  a r e  r e l a t i v e l y  
I ow i f  t h e  r aw m a t e r i a l  i s  o f  good qua I i t y . E s t  i ma t e d  
c a p i t a l  c o s t  i s  a b o u t  $ 2 5 0  p e r  t on  f o r  t h e  w e t  p r o c e s s i n g  
m e t h o d ,  m a k i n g  i n v e s t m e n t  i n a medi um s i z e  f a c i l i t y  o f  
1 0 0 , 0 0 0  s h o r t  t o n s  p e r  y e a r  a r o u n d  $25  m i l l i o n .  T r e a t m e n t  
t o  p r o d u c e  s p e c i a l i s t  c l a y s  w i l l  i n c r e a s e  t h e  c o s t s  
c o n s i d e r a b l y .
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Cha pt er  8 
CONCLUSIONS
The  k a o l i n  i n d u s t r y  i s  most  a c t i v e  i n i n d u s t r i a l i z e d  
n a t i o n s  w i t h  p r o d u c t i o n  d o m i n a t e d  by t h e  U n i t e d  S t a t e s  and 
t h e  U n i t e d  K i n g d o m.  T h i s  d o m i n a n t  r o l e  w i l l  c o n t i n u e  i n t h e  
n e a r  t e r m ,  b e c a u s e  o f  huge r e s e r v e s  and p r i n c i p a l l y  b e c a u s e  
of  t h e  f a v o r a b l e  l o c a t i o n  o f  m a j o r  k a o l i n  m a r k e t s  and t h e  
a b i l i t y  of  m a j o r  c o m p a n i e s  t o  d e l i v e r  c u s t o m - t a i I o r e d  k a o l i n  
p r o d u c t s .
H o w e v e r ,  t h e  r o l e  o f  t h e  l e s s  d e v e l o p e d  c o u n t r i e s  i s  
one o f  i n c r e a s i n g  i m p o r t a n c e .  A l t h o u g h  t h e  m a j o r i t y  o f  t h e  
i d e n t i f i e d  w o r l d  k a o l i n  r e s e r v e s  a r e  l o c a t e d  in t h e  
i n d u s t r i a l i z e d  n a t i o n s ,  t h e  r e s e r v e s  o f  p r e m i e r  g r a d e  k a o l i n  
d e p o s i t s  i s  l i m i t e d .  K a o l i n  p r o d u c t s  f r o m h i g h  q u a l i t y  
d e p o s i t s  i n t h e  LDCs can be p r o d u c e d  a t  a much l o we r  c o s t  
t h a n  f r o m u p g r a d e d  l o w e r  g r a d e  d e p o s i t s  i n t h e  
i n d u s t r i a l i z e d  n a t i o n s .  H i g h  q u a l i t y  k a o l i n s  f r o m t h e  LDCs 
w i l l  c o n t i n u e  t o  p e n e t r a t e  k a o l i n  m a r k e t s  i n  E u r o p e  and w i l l  
f i n d  t h e i r  way  i n t o  U . S .  m a r k e t s  on t h e  Wes t  C o a s t ,  p a r t l y  
b e c a u s e  t h i s  t y p e  o f  k a o l i n  can  be used as a b l e n d  t o  
u p g r a d e  l o we r  g r a d e  k a o l i n s  i n t h o s e  a r e a s .  T he  i n c r e a s i n g  
k a o l i n  m a r k e t s  i n t h e  LDCs,  s u p p o r t e d  by t h e  i n t e n s i t y - o f -  
us e  t h e o r y  and t h e  n o t e d  t r e n d  i n t h e  k a o l i n  i n d u s t r y  to
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l o c a t e  p r o d u c t i o n  f a c i l i t i e s  c l o s e r  t o  m a r k e t s  a r e  a l l
\
i n d i c a t i o n s  o f  t h e  p r o m i n e n t  r o l e  t h a t  LDCs can p l a y  in t h e  
f u t u r e  of  s u p p l y  and demand o f  k a o l i n  p r o d u c t s .
N o n e t h e l e s s  f o r  a s t e a d y  and a d e q u a t e  g r o w t h  o f  t h e  
k a o l i n  i n d u s t r y  i n LDCs t o  o c c u r ,  t h e  p a r t i c i p a t i o n  of  t h e  
m a j o r  k a o l i n  p r o d u c e r s  l o c a t e d  i n i n d u s t r i a l i z e d  n a t i o n s  i s  
a m u s t .  T h e  LDCs must  u p g r a d e  t h e i r  n o n u n i v e r s a l  p r o c e s s i n g  
t e c h n o l o g y  and b e g i n  r e s e a r c h  and d e v e l o p m e n t  a c t i v i t i e s .
I t  i s  b e l i e v e d  t h a t  t h e  k a o l i n  i n d u s t r y  w i l l  m a i n t a i n  
i t s  o v e r a l l  s t e a d y  g r o w t h ,  i n t e r r u p t e d  by s h o r t - t e r m  
r e c e s s i o n s  as in t h e  r e c e n t  p a s t .  New a p p l i c a t i o n s  w i l l  
c o n t i n u e  to be f ound  b e c a u s e  o f  k a o l i n ' s  u n i q u e  
c h a r a c t e r i s t i c s  o f  good c o l o r ,  good f l o w a b i l i t y ,  c h e m i c a l  
i n e r t n e s s ,  l ow a b r a s i v e n e s s ,  good h i d i n g  power  as an 
e x t e n d e r ,  good r e i n f o r c i n g  c h a r a c t e r i s t i c s ,  and l ow 
c o n d u c t i v i t y  o f  h e a t  and e l e c t r i c i t y .
F o r  c o u n t r i e s  such as S u r i n a m e  and G u y a n a ,  w h e r e  t h e r e  
a r e  s u f f i c i e n t  p r o v e n  h i g h  q u a l i t y  k a o l i n  d e p o s i t s ,  t h e  
p r o s p e c t s  f o r  d e v e l o p i n g  such  d e p o s i t s  i s  q u i t e  p r o m i s i n g ,  
e s p e c i a l l y  f o r  t h e  p r o d u c t i o n  of  p a p e r  q u a l i t y  c l a y s .
K a o l i n ,  an i m p o r t a n t  i n d u s t r i a l  m i n e r a l  now,  w i l l  
become e ve n  mor e  i m p o r t a n t  i n t h e  y e a r s  t o come.
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T a b l e  A- 1
P e r c e n t a g e  Change
t  a u  i  w  n  i




1961 -  70
%
change 
1971 -  80
%
change 
1981 -  8 8
%
change 
1961 -  8 8
EUROPE
U nited  kingdom 86.24% 3.76% 42.64% 118.32%
France 264.65% -50.60% 282.42% 976.92%
Germany, Federal Republic of 43.09% -25.33% 78.38% 79.55%
Spa i n 39.37% -19.09% 131.59% 252.31%
Portugal 8.44% 84.97% -38.87% 34.99%
Greece 94.65% -8.38% 299.67% 545.16%
Be Ig i urn -55.39% -39.20% -8.09% -1.74%
Denmark -91.72% N.A -26.67% -43.24%
I t a l y -35.91% -26.40% 33.63% -37.00%
Aus t r i a 0.41% -72.26% 26.24% -70.45%
Sweden 12.69% -98.81% 2668.17% -69.95%
TOTAL 69.00% -13.35% 74.38% 131.91%
EASTERN BLOC COUNTRIES 
Soviet Union N.A 31.58% 32.00% 83.33%
Bui gar i a 67.11% 50.72% 42.53% 156.10%
Czechoslovak!a 24.41% 28.22% 48.82% 156.27%
German Democratic Republic N.A N.A - 1 0 . 0 0 % -5.26%
Hungary 87.08% -9.23% -45.00% -20.85%
PoI and N.A -33.04% 27.29% -27.82%
Roman i a N.A 360.87% 7.32% 403.43%
Yugoslavia 0 . 0 0 % 348.01% 22.33% 6011.11%
TOTAL 604.50% 64.98% 28.49% 1490.17%
AFRICA
A lg e r ia N.A 343.51% -21.05% 714.77%
Angola N.A N.A N.A N.A
Burund i N.A N.A -4.31% N.A
Egypt -16.11% -7.83% 335.96% 423.34%
Eth iop i a 210.57% 452.35% -88.89% -71.43%
Kenya 142.80% -17.39% 12524.58% 5112.62%
Madagascar N.A -33.64% 2076.40% 782.28%
Mozambique 1150.85% N.A 0 . 0 0 % 6679.66%
N ig e r ia 11480.00% 514.38% 945.75% 700.00%
South A f r i c a ,  Republic of 56.09% 261.14% 30.97% 758.82%
^ a z  i I and 3015.38% N.A N.A - 1 0 0 . 0 0 %
Tanzania 199.35% 784.70% -62.96% 1190.32%
Zimbabwe N.A 69.33% 71.78% -56.05%
TOTAL 6.92% 156.97% 100.29% 535.73%
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1961 -  70
%
change 
1971 -  80
%
change 
1981 -  8 8
%
change 




108.02% 33.48% -7.21% 72.99%
Br az i I N.A 94.46% 52.49% 245.50%
Ch i I e 246.81% 3.51% 5.67% 328.57%
Co Iomb i a 85.22% 55.32% 36.65% 2726.00%
Costa Rica N.A N.A N.A N.A
Equador 43.84% 570.02% -33.33% 273.13%
Qua t amaI a N.A N.A 300.00% N.A
Paraguay N.A 4066.67% -5.71% 5400.00%
Peru 237.47% 1292.41% 33.33% 1642.92%
Venezuela N.A -26.67% -58.46% 80.00%
TOTAL 513.55% 48.64% 202.18% 2370.37%
NORTH AMERICA
United  S ta tes  of America 82.69% 61.25% 42.33% 304.33%
Mex i co 31.57% 273.40% 13.56% 295.31%
TOTAL 81.47% 64.67% 41.49% 304.12%
AUSTRALIA 75.34% 186.38% 17.32% 291.48%
ASIA
Bang Iadesh N.A 291.44% 119.78% 245.48%
Ch i na N.A N.A N.A N.A
Hong Kong -55.10% -70.39% N.A N.A
I nd i a 44.84% -18.86% 47.68% 97.40%
1 ndones i a N.A 655.58% 90.35% 1521.05%
1 ran 1400.00% 212.50% 1 0 . 0 0 % 3566.67%
1 srael N.A -22.13% -19.57% 146.04%
Japan 733.06% -55.47% 13.32% 556.26%
Jordan N.A 1157.35% N.A N.A
Korea, Republic of 99.68% 123.96% 310.43% 1720.56%
Ma I ays i a 111.71% 297.46% 192.62% 8111.33%
New Zealand N.A 130.56% -43.21% 137.29%
Pakistan 168.56% 526.43% -14.50% 2378.75%
Sri Lanka 47.07% 108.97% 9.71% 402.83%
Taiwan N.A 357.71% -0.92% 416.20%
Tha i 1 and N.A 96.72% 2008.48% 9216.19%
Turkey N.A 74.50% 415.68% 568.89%
Vietnam N.A N.A 0 . 0 0 % N.A
TOTAL 102.71% 23.31% 110.16% 531.53%
WORLD TOTAL 110.19% 35.18% 59.05% 337.84%
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T a b l e  A - 2
Wo r I d KaoI  i n  
( i n
P r o d u c t i o n  by R e g i o n  










1961 3324652 377097 81921 112935 2806660 582166 7285431
1962 3452747 401714 53006 155449 2998157 601596 7662669
1963 3719350 492279 83319 164692 3214898 695013 8369551
1964 3785228 497951 136176 187223 3402138 730110 8738826
1965 3635446 524160 101611 206086 3693389 829481 8990173
1966 4080279 432320 102146 153626 4491919 911632 10171922
1967 4533568 590800 76643 195891 4059551 935900 10392353
1968 4769887 585760 161258 204126 4284582 892446 10898059
1969 4764988 579040 128979 234616 4837633 974108 11519365
1970 5016625 2372000 78207 618675 4547548 1039677 13672732
1971 4616751 2507000 103210 470416 4505243 1257613 13460233
1972 4813860 2709382 99559 807150 4895971 908427 14234349
1973 5334501 2849319 105078 770459 5531364 1298419 15889140
1974 6375842 2898600 115595 745018 5899372 1525679 17560106
1975 3838581 3180200 162732 509634 4959499 1310641 13961287
1976 4261497 3249800 156085 544419 5630361 1484938 15327100
1977 4506378 3373100 187472 591222 5948532 1523114 16129818
1978 4174167 3330000 241864 1495561 6371242 1579467 17192301
1979 4384957 4059758 254587 1366481 7117243 1723951 18906977
1980 4000270 4135950 265214 699227 7418744 1675556 18194961
1981 3947678 4167004 232165 824352 7157296 1578934 17907429
1982 3629146 4222128 214033 824822 5944084 1494331 16328544
1983 3720208 4337200 207686 683956 6714184 1686312 17349546
1984 4924000 5073000 390000 1809000 8097000 2558000 22851000
1985 6497000 5153000 354000 1964000 8104000 2804000 24676000
1986 6056000 5259000 340000 2237000 8854000 3043000 25789000
1987 6518000 5309000 361000 2393000 8994000 2920000 26495000
1988 6884000 5354000 465000 2491000 10127000 3160000 28481000
S o u r c e : M i n e r a I s  Y e a r b o o k ,  C l a y  c h a p t e r s ,  1 9 8 4 - 1 9 8 8 ,  U . S .
B u r e a u  o f  M i n e s .  B r i t i s h  G e o l o g i c a l  S u r v e y ,  1 9 6 1 - 1 9 8 3 .
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T a b l e  A - 3
W o r l d  K a o l i n  P r o d u c t i o n  and P e r c e n t a g e  G r o w t h  by C a t e g o r y
( i n  sho r t t o n s )
YEAH
I NOUS 






COUNTRIES a r o i t l i
WORLD
1961 5880567 1027767 377097 7285431
1962 6270847 n 990108 -4* 401714 7* 7662669 5*
1963 6724598 n 1152674 16* 492279 23* 8369551 9*
1964 6949981 n 1290894 12* 497951 1* 8738826 4*
1965 7046267 1* 1419746 10* 524160 5* 8990173 3*
1966 8196741 16* 1542861 9* 432320 -18* 10171922 13*
1967 8335593 2* 1465960 -5* 590800 37* 10392353 2*
1968 8785000 5* 1527299 4* 585760 -1* 10898059 5*
1969 9288415 6* 1651909 8* 579040 -1* 11519365 6*
1970 9848560 6* 1452172 -12* 2372000 310* 13672732 19*
1971 9568823 -3* 1384410 -5* 2507000 6* 13460233 -2*
1972 9880637 3* 1644330 19* 2709382 8* 14234349 6*
1973 11305094 14* 1734727 5* 2849319 5* 15889140 12*
1974 12762261 13* 1899245 9* 2898600 2* 17560106 11*
1975 9071409 -29* 1709678 -10* 3180200 10* 13961287 -20*
1976 10232648 13* 1844652 8* 3249800 2* 15327100 10*
1977 10850859 6* 1905859 3* 3373100 4* 16129818 5*
1978 10981503 1* 2880798 51* 3330000 -1* 17192302 7*
1979 11931809 9* 2915410 1* 4059758 22* 18906977 10*
1980 11734655 -2* 2324356 -20* 4135950 2* 18194961 -4*
1981 11464815 -2* 2275610 -2* 4167004 1* 17907429 -2*
1982 9862818 -14* 2243598 -1* 4222128 1* 16328544 -9*
1983 10835592 10* 2176754 -3* 4337200 3* 17349546 6*
1984 13582000 25* 4196000 93* 5073000 17* 22851001 32*
1985 14928000 10* 4595000 10* 5153000 2* 24676000 8*
1986 15236000 2* 5294000 15* 5259000 2* 25789000 5*
1987 15955000 5* 5231000 -1* 5309000 1* 26495000 3*
1988 17410000 9* 5717000 9* 5354000 1* 28481000 7*
S o u r c e :  M i n e r a l s  Y e a r b o o k ,  C l a y  c h a p t e r s ,  1 9 8 4 - 1 9 8 8 ,  U . S .
B u r e a u  o f  M i n e s .  B r i t i s h  G e o l o g i c a l  S u r v e y ,  1 9 6 1 - 1 9 8 3 .
T - 3 9 8 0 14 3
APPENDIX B 
KAOLI N EXPORTS AND IMPORTS
T - 3 9 8 0 "14 4
T a b l e  B-1
W o r l d  K a o l i n  E x p o r t s  by R e g i o n
( i n  s h o r t  t o n s )
EASTERN
BLOC S T H / MI D  NORTH WORLD
YEAR EUROPE COUNTRIES AFRI CA AMERICA AMERICA AS I A TOTAL
1961 1 4 2 1 8 8 8 2 3 9 9 0 2 91 372 9 8 7 8 5 2 3 1 2 8 1 7 8 4 1 6 6
1962 141 3 8 6 1 2 3 9 1 2 8 1 0 1 1 1 0 1 1 8890 20061 1 7921 5 1
1963 1 5 7 8 6 9 6 2 5 3 4 6 4 57 287 1 1 1 7 1 7 2 3 4 8 5 1 9 6 7 7 0 6
1964 1 7 1 0 3 3 2 2 5 1 7 9 8 6 10 850 1 5 1 7 2 5 22131 2 1 3 7 4 4 7
1965 1 8 4 5 4 8 0 2 6 5 4 1 5 4 52 1560 1 9 2 8 7 5 3 0 0 2 6 2 3 3 5 8 0 9
1966 2 0 9 9 4 6 2 2 6 3 0 0 1 566 777 2 5 3 4 0 8 3 7 2 9 9 2 6 5 4 5  13
1967 2 1 7 4 0 3 2 2 7 5 1 8 7 1057 1 104 3 2 1 9 2 9 0 2 7 7 3 3 1 0
1968 2 2 9 7 7 2 4 2 8 3 0 5 9 8 08 1596 3 8 9 8 8 2 0 2 9 7 3 0 6 8
1969 2 6 3 3 1 1 2 3 4 5 5 3 8 1488 961 4 7 7 6 7 4 0 3 4 5 8 7 7 4
1970 2 4 6 5 5 3 7 2 9 2 9 1 0 1550 1580 7 4 0 5 1 5 1 0 3 4 8 9 3 6 0 5 5 8 1
1971 2 2 2 6 3 1 5 3 2 3 1 8 9 1 787 2257 6 1 0 6 1 1 985 10 3 2 6 2 6 6 9
1972 2 4 1 2 5 9 8 3 8 3 8 4 1 1417 2577 6 0 5 5 6 3 1 0 3 2 7 0 3 5 0 9 2 6 6
1973 2 7 6 4 4 5 1 3 8 4 7 6 2 629 2955 6 6 3 8 7 6 1 3 8 0 7 7 3 9 5 4 7 5 0
1974 2 9 1 0 0 0 3 4 2 6 2 6 0 213 5 1 17 7 7 0 0 8 5 1 8 9 4 2 2 4 2 9 8 0 2 2
1975 2 1 6 1 9 0 7 4 2 1 6 1 5 4 0 7 6 2845 7 9 8 1 4 0 1 3 0 6 5 6 3 5 1 9 2 3 9
1976 2 4 8 9 8 4 9 5 5 9 5 6 4 2 3 9 0 83 7 6 4 1 3 5 1 42 4 76 3 9 5 9 2 5 2
1977 2 7 1 9 7 4 9 5 3 8 8 3 7 1197 1 1555 8 6 4 4 2 7 1 30 2 8 6 4 2 6 6 0 5  1
1978 2 7 5 2 5 5 4 5 0 8 4 5 0 1088 2 1 4 4 5 1 0 6 5 8 6 0 101191 4 4 5 0 5 8 8
1979 3 1 4 9 0 8 0 5 4 0 4 6 5 1263 4 6 9 1 7 1 4 3 8 6 7 6 1 2 6 4 2 6 5 3 0 2 8 2 7
1980 2 9 3 4 6 6 8 5 5 7 5 6 7 1798 1 8 3 1 5 8 1 2 6 4 8 4 5 1 4 5 3 4 2 5 0 8 7 3 7 8
1981 2 6 5 5 7 7 2 6 0 5 4 5 2 1346 1 34265 1 2 8 3 1 9 9 1 8 0 5 5 3 4 8 6 0 5 8 7
1982 2 5 6 2 6 5 9 5 8 7 0 5 7 1387 1 4 3 3 5 8 1 1 7 8 8 6 6 1 1 3 9 6 0 4 5 8 7 2 8 7
1983 2 5 7 6 0 3 0 5 5 0 4 3 2 903 181 5 5 5 1 2 1 4 1 5 3 8 2 1 2 8 4 6 0 5 2 0 1
S o u r c e :  T he  B r i t i s h  G e o l o g i c a l  S u r v e y ,  1 9 6 1 - 1 9 8 3 .
T - 3 9 8 0 146
T a b l e  B - 2  
W o r l d  K a o l i n  E x p o r t s  by C a t e g o r y  
( i n sho r t t o n s )
LESS EASTERN
IN D U S T R IA L IZ E D  DEVELOPED BLOC WORLD
YEAR NATIONS COUNTRIES COUNTRIES TOTAL
1961 1 5 2 3 3 5 0 2 0 9 1 4 2 3 9 9 0 2 1 7 8 4 1 6 6
1962 1 5 3 8 5 1 0 1 4 5 1 3 2 3 9 1 2 8 1792151
1963 1 6 9 3 7 7 0 2047 1 2 5 3 4 6 4 1 9 6 7 7 0 6
1964 1 8 6 5 4 1 6 2 0 2 3 3 2 5 1 7 9 8 2 1 3 7 4 4 7
1965 2 0 4 1 9 2 4 2 8 4 7 0 2 6 5 4 1 5 2 3 3 5 8 0 9
1 966 2 3 5 4 5 7 6 3 6 9 3 6 2 6 3 0 0 1 2 6 5 4 5 1 3
1967 2 4 9 8 8 9 0 767 275 187 2 7 7 3 3 1 0
1968 2 6 9 1 3 7 6 1366 2 8 3 0 5 9 2 9 7 3 0 6 8
1969 3 1 1 5 9 1 2 2 6 7 6 3 4 5 5 3 8 3 4 5 8 7 7 4
1970 3 2 1 4 6 5 6 9801 5 2 9 2 9 1 0 3 6 0 5 5 8 1
1971 2 8 4 0 8 3 7 9 8 6 4 3 3 2 3 1 8 9 3 2 6 2 6 6 9
1972 3 0 2 4 0 0 8 1 0 1 4 1 7 3 8 3 8 4 1 3 5 0 9 2 6 6
1973 3 4 3 2 7 9 2 1 3 7 1 9 6 3 8 4 7 6 2 3 9 5 4 7 5 0
1974 3 6 8 6 2 1 8 1 8 5 5 4 4 4 2 6 2 6 0 4 2 9 8 0 2 2
1975 2 9 6 5 0 2 2 1 3 2 6 0 2 4 2 1 6 1 5 3 5 1 9 2 3 9
1976 3 2 5 8 8 5 1 1 4 0 8 3 7 5 5 9 5 6 4 3 9 5 9 2 5 2
1977 3 5 8 7 6 0 9 1 3 9 6 0 5 5 3 8 8 3 7 4 2 6 6 0 5 1
1978 3 8 2 1 8 7 2 1 2 0 2 6 6 5 0 8 4 5 0 4 4 5 0 5 8 8
1979 4 5 9 1 3 4 7 1 7 1 0 1 5 5 4 0 4 6 5 5 3 0 2 8 2 7
1980 4 2 0 4 3 2 9 3 2 5 4 8 2 5 5 7 5 6 7 5 0 8 7 3 7 8
1981 3 9 4 1 3 9 1 3 1 3 7 4 4 6 0 5 4 5 2 4 8 6 0 5 8 7
1982 3 7 4 5 6 9 7 2 5 4 5 3 3 5 8 7 0 5 7 4 5 8 7 2 8 7
1983 3 7 9 5 5 2 5 2 5 9 2 4 4 5 5 0 4 3 2 4 6 0 5 2 0 1
AVERAGE ANNUAL IMPORTED AMOUNT:
1 9 6 1 - 1 70 2 3 3 5 0 0 3 2 3 7 5 9 2 7 4 3 8 9 2 6 3 3 1 5 1
1 9 7 1 - >80 3 5 4 1 2 8 9 155261 4 6 4 4 5 5 4 1 6 1 0 0 4
1 9 8 1 - >83 3 8 2 7 5 3 8 2 7 5 8 4 0 5 8 0 9 8 0 4 6 8 4 3 5 8
S o u r c e :  The  B r i t i s h  G e o l o g i c a l  S u r v e y ,  1 9 6 1 - 1 9 8 3
T - 3 9 8 0 148
An n u a l  G r o w t h
T a b l e  B - 3  
of  W o r 1d Kao 1 i n E x p o r t s
YEAR








1962 1 . 0 0 % - 3 0  . 61% - 0 . 3 2 %
1963 1 0 . 0 9 % 4 1 . 0 6 % 6  . 0 0 %
1964 1 0 . 1 3 % - 1 . 1 7 % - 0  . 6 6 %
1965 9 . 46% 40 . 7 1% 5 . 4 1 %
1966 1 5 . 3 1 % 2 9 . 7 4 % - 0  . 91%
1967 6 . 1 3 % i o ro o 00 4 . 6 3 %
1968 7 . 70% 7 8 . 1 0 % 2 . 8 6 %
1969 15 . 77% 9 5 . 8 2 % 2 2 . 0 7 %
1970 3 . 1 7 % - 3 7 6 3 . 1 8 % - 1 5 . 2 3 %
1971
COCOi 0 . 64% 1 0 . 3 4 %
1972 6  . 45% 2 . 8 1 % 1 8 . 7 7 %
1973 1 3 . 5  2% 3 5 . 2 8 % 0 . 24%
1974 7 . 38% 3 5 . 2 4 % 1 0 . 7 9 %
1975 - 1 9  . 56% - 2 8 . 5 3 % i o CO
1976 9 . 9 1 % 6 . 2 1 % 3 2 . 7 2 %
1977 1 0 . 0 9 % - 0 . 8 7 % - 3 . 7 0 %
1978 6 . 5 3 % - 1 3 . 8 5 % - 5 . 6 4 %
1979 2 0 . 1 3 % 4 2 . 2 0 % 6  . 30%
1980 - 8 . 4 3 % 9 0 . 3 2 % 3 . 1 6 %
1981 - 6 . 2 5 % - 3 . 6 1 % 8  . 59%
1982 - 4 . 9 7 % - 1 8 . 8 7 % - 3 . 0 4 %
1983 1 . 33% 1 . 85% - 6 . 2 4 %
AVERAGE ANNUAL GROWTH:
1 9 6 1 - ’ 70 8 . 7 5 % - 4 0 1 . 2 9 % 2 . 6  5%
1 9 7 1 - *80 3 . 4 4 % 1 6 . 9 4 % 7 . 1 9 %
1 9 8 1 - 183 - 3 . 3 0 % - 6 . 8 8 % - 0 . 2 3 %
S o u r c e :  The  B r i t i s h  G e o l o g i c a i  S u r v e y ,  1 9 6 1 - 1 9 8 3
T - 3 9 8 0 147
T a b l e  B - 4  
I m p o r t s  o f  K a o l i n  by R e g i o n  
( i n  s h o r t  t o n s )
EASTERN
BLOC S T H / M I D  NORTH WORLD
YEAR EUROPE COUNTRIES AFRI CA AMERICA AMERICA AS I A TOTAL
1961 1 1 9 7 9 5 6 1 4 2 3 9 8 6 5 7 9 16801 2 8 6 5 7 8 8 4 1 8 5 1 7 3 4 4 9 7
1962 1 2 5 7 16 1 7 5 5 2 8 6 7 3 2 1 8 7 0 3 2 7 7 6 9 4 761 6 7 1 7 1 1 9 8 5
1963 1 4 1 0 5 5 3 1 8 1 4 85 10628 18409 2 9 2 0 9 7 6 9 6 2 198 2 8 0 1
1964 1 6 1 4 7 1 4 1 8 0 8 1 7 3 5 4 9 2 4 5 5 7 2 9 7 1 5 6 1 0 1 0 7 3 2 2 2 1 8 6 7
1965 1 6 4 1 4 6 8 1 8 5 1 8 3 3 1 5 6 2 2 0 2 1 2 9 5 7 4 8 1 0 6 9 1 0 2 2 5 4 4 8 6
1966 1 8 4 8 8 7 8 1 85 3 0 0 199 2 5 9 1 0 3 2 8 3 8 7 1 2 6 1 0 6 2 5 1 4 7 8 1
1967 1 9 8 9 9 9 4 2 0 8 7 8 6 9 4 5 8 30201 2 9 6 8 5 3 1 5 7 6 9 7 2 6 9 2 9 8 8
1968 2 3 1 4 1 7 6 2 2 7 8 1 5 9 4 3 9 3 7 8 1 6 2 7 4 9 0 0 1 7 9 2 3 2 3 0 4 3 3 7 8
1969 2 3 4 8 6 8 4 2 7 2 6 3 0 9531 3 9 1 8 9 3 2 9 0 3 0 1 9 2 5 1 2 3 1 9 1 5 7 7
1970 2 7 8 2 2 0 5 2 9 3 9 4 9 10906 4 6 1 3 4 2 6 6 2 3 8 2 9 9 2 1 7 3 6 9 8 6 4 9
1971 2 4 8 9 1 2 0 2 8 5 1 5 3 9 7 5 3 4 1 4 4 0 2 7 4 2 0 8 3 0 4 4 4 1 3 4 0 4 1 1 5
1972 2 6 9 3 4 2 9 2 9 1 6 9 1 8961 4 0 2 8 8 2 3 7 5 2 6 3 4 9 3 2 3 3 6 2 1 2 1 8
1973 2 7 1 1 4 0 1 2 9 8 1 5 5 1 1496 58921 2 46 8 2 1 4 5 2 6 2 5 3 7 7 9 4 1 9
1974 3 0 0 1 9 2 5 2 7 2 5 0 8 4 9 5 9 6 5 4 8 8 5 9 2 5 8 4 6 6 8 1 2 3 8 7 0 9 5 0
1975 2 6 3 6 8 1 1 2 7 5 8 8 8 4 2 8 9 8 5 0 9 6 3 4 1 9 8 4 25 3 9 3 6 7 1 4 0 5 7 3 2 7
1976 3 0 5 5 9 1 8 2 8 0 6 6 2 5 1 4 6 8 5 4 4 4 1 9 2 3 7 3 1 1 5 4 2 4 5 5 4 7 1 2 2 3 3
1977 3 3 4 8 3 9 0 2 8 0 4 6 7 51 190 5 9 1 2 2 2 2 1 7 1 2 0 6 5 3 4 7 0 5 1 4 1 8 5 9
1978 3 4 1 6 7 0 9 3 4 0 6 4 8 2 4 5 1 3 1 4 9 5 56 1 2 4 9 0 3 2 5 9 4 4 7 6 6 1 2 0 9 3 9
1979 3 8 7 4 4 5 4 3 8 2 6 2 2 4 4 7 3 0 1 3 6 6 48 1 3 7 3 4 0 9 7 8 6 5 9 4 6 8 2 8 2 9 0
1980 3 8 9 5  1 12 3 2 2 4 1 8 2 5 3 8 2 6 9 9 2 2 7 3 5 1 4 9 8 7 8 4 7 7 9 6 0 7 8 4 1 6
1981 3 5 0 2 0 8 7 2 8 9 5 6 1 7 41 0 8 2 4 3 5 2 3 2 4 4 0 6 7 5 8 2 1 0 5 7 0 6 0 2 6
1982 3 5 3 2 1 3 1 2 8 7 3 4 5 1 6 8 8 8 8 2 4 8 2 2 2 8 1 7 4 2 8 7 1 3 0 9 5 8 1 4 2 3 7
1983 3501  198 2 8 8 4 6 8 0 6 8 3 9 5 6 2 5 6 5 9 1 6 9 6 3 1 5 5 4 2 6 5 2 8
S o u r c e :  T he  B r i t i s h  G e o l o g i c a l  S u r v e y ,  1 9 6 1 - 1 9 8 3
T - 3 9 8 0 148
T a b l e  B- 5
W o r l d  K a o l i n  I m p o r t s  by C a t e g o r y
( i n  s h o r t  t o n s )
LESS EASTERN
I ND U S T R I A L I Z E D  DEVELOPED BLOC WORLD
YEAR NATIONS COUNTRIES COUNTRIES TOTAL
1961 1 5 3 7 4 3 7 5 4 6 6 2 1 4 2 3 9 8 1 7 3 4 4 9 7
1962 1 5 8 5 1 3 3 5 1 3 2 4 7 5 5 2 8 1 7 1 1 9 8 5
1963 1 7 5 3 7 5 0 4 7 5 6 6 1 8 1 4 85 1 98 2 801
1964 1 9 8 5 5 8 8 5 5 4 6 2 18081 7 2 2 2 1 8 6 7
1965 2 0 1 8 3 9 7 5 0 9 0 6 1 8 5 1 8 3 2 2 5 4 4 8 6
1966 2 2 7 9 6 1 0 498 7 1 1 8 5 3 0 0 2 5 1 4 7 8 1
1967 2 4 1 6 3 0 3 6 7 9 0 0 2 0 8 7 8 6 2 6 9 2 9 8 8
1968 2 7 3 5 0 4 9 805  1 5 2 2 7 8 1 5 3 0 4 3 3 7 8
1969 2 8 3 3 0 1 1 8 5 9 3 5 2 7 2 6 3 0 3 1 9 1 5 7 7
1970 3 3 0 1 7 9 1 1 0 2 9 0 9 2 9 3 9 4 9 3 6 9 8 6 4 9
1971 3 0 2 1 3 2 0 9 7 6 4 2 2 8 5 1 5 3 3 4 0 4 1 1 5
1972 3 2 0 8 1 1 4 1 2 1 4 1 3 2 9 1 6 9 1 3 6 2 1 2 1 8
1973 3 3 0 3 7 0 9 1 7 7 5 5 5 2 9 8 1 5 5 3 7 7 9 4 1 9
1974 3 4 0 4 2 2 5 1 9 4 2 1 7 2 7 2 5 0 8 3 8 7 0 9 5 0
1975 3 0 8 8 6 4 7 6 9 2 7 9 2 2 7 5 8 8 8 4 0 5 7 3 2 7
1976 3 6 3 2 7 1 3 7 9 8 8 5 8 2 8 0 6 6 2 4 7 1 2 2 3 3
1977 3 9 3 0 7 5 5 9 3 0 6 3 7 2 8 0 4 6 7 5 1 4 1 8 5 9
1978 4 0 8 7 8 0 3 1 6 9 2 4 8 8 3 4 0 6 4 8 6 1 2 0 9 3 9
1979 4761  154 1 6 8 4 5 1 4 3 8 2 6 2 2 6 8 2 8 2 9 0
1980 4 7 3 2 3 4 8 1 0 2 3 6 5 0 3 2 2 4 1 8 6 0 7 8 4 1 6
1981 4 2 7 9 1 7 9 1 1 3 7 2 8 6 2 8 9 5 6 1 5 7 0 6 0 2 6
1982 4 3 1 9 4 2 5 1 2 0 7 4 6 7 2 8 7 3 4 5 5 8 1 4 2 3 7
1983 4 3 0 7 5 5 2 8 3 0 5 0 8 2 8 8 4 6 8 5 4 2 6 5 2 8
AVERAGE ,ANNUAL IMPORTED AMOUNT:
1 9 6 1 - ’ 70 2 3 2 3 1 8 1 6 5 8 2 1 2 0 1 2 7 7 2 5 9 0 2 7 9
1 9 7 1 - * 80 3 7 1 7 0 7 9 7 4 1 3 7 7 3 0 3 0 2 1 4 7 6 1 4 7 7
1 9 8 1 - * 83 4 3 0 2 0 5 2 1 0 5 8 4 2 0 2 8 8 4 5 8 5 6 4 8 9 3 0
S o u r c e :  T he  B r i t i s h  G e o l o g i c a l  S u r v e y ,  1 9 6 1 - 1 9 8 3 .
T - 3 9 8 0 14 9
An n u a l  G r o w t h
T a b l e  B - 6  
of  W o r I d  Kao I i n Impo r t s
YEAR








1962 3 . 1 0 % - 6 . 1 1 % - 4 6 . 9 6 %
1963 1 0 . 6 4 % - 7 . 3 2 % 1 4 0 . 2 9 %
1964 1 3 . 2 2 % 16 . 60% - 0 . 3  7%
1965 1 . 65% - 8 . 2 1 % 2 . 4 1 %
1966 1 2 . 9 4 % - 2 . 0 3 % 0  . 06%
1967 6  . 0 0 % 36 . 1 5% 1 2 . 6 7 %
1968 1 3 . 1 9 % 1 8 . 5 8 % 9 . 1 1 %
1969 3 . 5 8 % 6  . 73% 1 9 . 6  7%
1970 1 6 . 5 5 % 1 9 . 7  5% 7 . 82%
1971 - 8 . 49% - 5 . 1 2 % - 2 . 9 9 %
1972 6 . 1 8 % 2 4 . 3 5 % 2 . 29%
1973 2 .  98% 4 6 . 2 4 % 2  . 2 2 %
1974 3 . 04% 9 . 3 8 % - 8 . 6 0 %
1975 - 9 . 2 7 % 2 5 6 . 7 1 % 1 . 24%
1976 1 7 . 6 2 % 1 5 . 3 1 % 1 . 73%
1977 8  . 2 0 % 1 6 . 5 0 % - 0  . 07%
1978 4 . 0 0 % 81 . 8 6 % 2 1 . 4 6 %
1979 1 6 . 4 7 % - 0 . 4 7 % 1 2 . 3 2 %
1980 - 0 . 6 1 % - 3 9 . 2 3 % - 1 5 . 7 3 %
1981 - 9  . 58% 1 1 . 1 0 % - 1 0 . 1 9 %
1982 0 . 94% 6 . 1 7 % - 0 . 7  7%
1983 - 0 . 2 7 % - 3 1 . 2 2 % 0 . 3 9 %
AVERAGE ANNUAL GROWTH: 
1 9 6 1 -  * 70 8 . 9 9 % 8  . 24% 1 6 . 0 8 %
1 9 7 1 - ’ 80 4 . 0 1 % 40 . 5  5% 1 . 39%
1 9 8 1 - ’ 83 - 2 . 9 7 % - 4 . 6 5 % - 3 . 5 2 %
S o u r c e :  The  B r i t i s h  G e o l o g i c a l  S u r v e y ,  1 9 6 1 - 1 9 8 3
